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A great majority of helminth parasites infect the 
gaatro~intestinal system of man causing several clinical 
complications, which may prove fatal if not given proper 
medical attention. A number of helminth infections can be 
effectively controlled by prophylactic measures or by 
chemotherapy; however, there are several infections for 
which suitable drugs are not yet available. The nematode 
parasites, affecting more than two billion people around 
the world, even today pose a serious throat to public 
health, despite the discovery of several classes of 
anthelmintic agents. The main reason for high prevalanco of 
nematode infections are the lack of long acting and broad 
spectrum drugs and inadequate public health measures in 
large sectors of rural areas in the third world. 
The present work was directed towards the development 
of new drugs against two major nematode parasites, the 
hookworms and filariae. The first chapter of the thesis 
begins with a brief introduction of the various classes of 
chcmotherapeutic agents developed recently to treat hookworm 
disease. This is followed by a description of the 
oandidato's own work on the synthesis of a series of 
substituted a-alkylbenzimidazoles, 2-arylbenzimidazoles 
X l l 
and 1,2-diarylbcnzimidaaolcs, a number of benzimidazolo 
hGtcrocyclics and substituted bcnzamides as potential 
antinomatodo agents. The screening resu l t s of these 
compounds against Ninnostrongylus b rae i l i ens i s . 
Ncmatospiroides dubius. Ancylostoma cg.vlanicum and 
Hvmenolepis nana in rodents and against various s t ra ins of 
bacteria and fungi is also described in th i s chapter. 
The second chapter deals with the synthesis of 
potent ial a n t i f i l a r i a l agents. After a brief introduction 
of f i l a r i a s i s , the synthesis of various substituted 
quinoxalines and piporazinos as analogs of diethylcarbama-
zine and centperazine, the two effective a n t i f i l a r i a l agents 
available, i s described. All the compounds have been 
tested for the i r f i l a r i c ida l ac t iv i ty against Litomopoidos 
car in i i in cotton ra t s and the r e su l t s are described in 
th i s chapter. 
CHEMOTHERAPY OF H00KV70RM INFECTIONS 
1.11 Introduction 
The hookworm infections are one of the common 
parasitic infections prevalent chiefly in the rural 
population of agriculture based regions of the under 
developed world. The infection is acquired by walking bare 
foot in the damp soil contaminated with the infective 
larvae of hookworms. The larvae penetrate the skin and 
migrate to lungs and finally to intestine where they 
develop into adult hookworms and live on the direct blood 
feed of the host. Although hookworm infection is confined 
to the rural parts of the tropical and sub-tropicP"l regions 
of the world, it is highly endemic in India, China, Japan, 
Central America, Mexico, Panama, West Indies, Venezuela, 
Peru, Argentina, Paraguay and various parts of Northern and 
Eastern Africa. It is estimated »^ that more than 700-800 
million people around the world are victims of hookworm 
disease. 
The hookworms are cndoparasitic nematode 
parasites. The common hookworms which infect man are 
AnfiYl,gR"»?Qffla attQAsafy.,S., A»CYlgf^ i?gmf^  p.evlanlf^ um and Necator 
americanus. The hookworms that infect animals arc 
.0stoma caninum (dogs), Ancvlostoma brasilionsis (cats), 
3 
Bunoptomum trigonocophalum ( c a t t l e ) and Gaigoria pachvsGelis 
(sheep and g o a t s ) . 
The main c l i n i c a l manifestat ion of t h i s disease 
are marked hypochromic anaemia loading t o general weakness, 
fa t igue and general lack of phys ica l and mental growth. 
In add i t ion , the pa t i en t may a l s o experience abdominal 
pa in , cons t ipa t ion , anorexia and g iddiness , 
1.12 Chemotherapy of Hookworms 
The c l a s s i c a l drugs which have been used to 
t r e a t var ious human and animal hookworms wore drawn 
chief ly from halogenated hydrocarbons ( t e t rach loroe thy lene 
and mantomide (i.) e t c . ) and subs t i tu ted phenols ( 2 , 4 , 5 -
t r ich lorophenol (2.) , 4-cyano-2-iodo-6-nitrophenol (2.) 
e t c . ) ; however, they were l imi ted by low a c t i v i t y and 
sa fe ty , and have been replaced by more ac t ive drugs . 
Another group of compounds showing a wide range of 
pharmacological and a n t i p a r a s i t i c a c t i v i t y are t h e 
quaternary ammonium s a l t s of which bophonium hydroxy~ 
naphthoate ( i ) ' was developed by Wellcome l a b o r a t o r i e s as 
a human antihookworm drug. Bephenium hydrox3maphthoate 
has been recommended a t a dose of 5 g ( = 2.5 g of base) 
per adul t showing 28-90^ clearance of N.americanus 
and 80-100/° clearance of A.duodenale in fec t ions . 
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f o l l o w i n g the d i s cove ry of bephen iua , n l a r g o 
nunbor of i t s s t r u c t u r a l ana logs wore syn the s i zed bu t none 
su rpassed the potency of the p a r e n t drug 
The f i r s t t r u e l y nodern a n t h e l m i n t i c was 
21 
t h i a b e n d a z o l e (5.) d i scovered i n 1961 by Merck . The drug 
shows h igh a c t i v i t y a g a i n s t human hookworms a t a dose of 
22—24. 25-100 mg/kg given i n a s i n g l e o r m u l t i p l e dose 
Thiabendazole i s one of t h e most a c t i v e drugs f o r t r e a t i n g 
c r e e p i n g e r u p t i o n caused by t h e l a r v a e of Ancvlogtom,'^ 
b r a z i l i o n s o . At a dose of 50 mg/kg given o r a l l y -^  o r 
97—Pft 
applied locally it effectively cures the lesions. 
The discovery of thiabendazole stimulated a 
world-wide research resulting in the evolution of a series 
of powerful anthelmintics 6-14 (Table 1;. The most potent 
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members of this series are mebendazole (8) and fenbendazole 
(10). MobendazolG shows high efficacy against different 
species of nematode and cestodos. The drug causes complete 
29 
clearance of Hip-postrongylus brasiliensxs in mice , 
Ancylostoma ceylanicun in hamsters'^ and A.caninum in dogs-^  
and has been recommended as an ideal anthelmintic for 
small animals^^. Mebendazole is equally effective in 
eliminating various hookworms in adult and child patients 
at a dose of 100 mg/kg given twice a day for 3 days^ *"*-' . 
Fenbendazole (10.) exhibits high activity 
against different species of lung worms and intestinal 
nematodes. It gives high cure rates against A.caninum in 
dogs and Haemonchus contortus in sheep and goats-'^  ^ at 
a dose of 50 and 5 mg/kg respectively. When given at a 
59 
dose of 100 mg/kg it eliminated N.americanus in man , 
The majority of benzimidazole anthelmintics 
exert their activity by inhibiting the fumarate-reductase 
enzyme activity of the parasites which play crucial role 
in the worm's anaerobic cycle. The inhibition of this 
step in the metabolism would cut-off energy supply of 
the worm leading to its paralysis. Recently the activity 
of the various benzimidazole anthelmintics (6-1^) has been 
attributed due to their ability to bind with mammalian 
59a tubulin and inhibit the assembly of microtubules . 
N 
N ^  " NHCOOCH, 
H ^ 
5., R = H, Thiabendazole X, R = Bu -, parbendazole 
1 
6., R = NHCOOPr , Cambendazole 8, R = COPh, Mebendazole 
2.T R = OPr, Oxibendazole 
3-,0. R = SPh, Fenbendazole 
ii, R = SOPh, Oxfendazole 
12. R = SPr, Albendazole 
12., R = COCgH F(E.),Flubendazole 
14,, R,= C0-<1 , Ciclobendazole 
In a follow up of t h i s work^Janssen 
Pharmaceutica cane out with a new broad spectrum an the lmin t ic , 
t e t r a n i s o l e ( l^) . Tet ranisole i s a racemic mixture of 
R- and S- 2 ,3 ,5 ,6- to t rahydro-6-phenyl imidazo[2 , l~b] th ia -
zole which have been resolved and t h e i r absolute confor-
mations es tab l i shed . The an the lmint ic a c t i v i t y of 
/ N 4 2 
t e t ramiso le i s due to i t s S(-) isomer ca l led levamisole 
Lovamisole possesses high a c t i v i t y against d i f fe ren t 
g a s t r o i n t e s t i n a l nematodes of sheep, dogs, swine, fowl, 
c a t t l e , ho r sosand man. At a dose of 2.5 ng/kg given 
o ra l ly i t e l iminates various round worms inc luding hookworms 
in man and shows fewer side e f f ec t s . Lovamisole i s 
a potent i n h i b i t o r of fumarate-reductase in var ious 
8 
45 
neraatodos and shows immunostimulant properties in man 
and animals . The R (+) isomer, surprisingly has 
antidepressant activity. 
N — 
15. 
Tetrahydropyrimidines are another c lass of 
compounds with potent an the lmint ic a c t i v i t y which has been 
studied extensively at Pf izer l a b o r a t o r i e s . The most 
ac t ive member of t h i s s e r i e s i s pyran te l (I6) , Pyrantel 
pamoate has been found to give 75-91/" cure r a t e s agains t 
N.americanus and A.duodenalg in man at a dose of 10-100 
mg/kg depending upon the nature and i n t e n s i t y of infec t ion , 
I t i s equally e f fec t ive agains t var ious i n t e s t i n a l 
helminths of sheep, gOats, dogs, c a t t l e , horse , swine and 
fowl. 
The s t r u c t u r a l modif icat ions of pyrante l have 
led to the synthes is of a l a rge number of i t s molecular 
congeners of which morantel (3=2.) a^cl oxantel (IS)-' 
have shown high promise in curing d i f f e ren t nematode 
in fec t ions in man and animals. 
9 
,R 
r • • 
16., 
1 1 , 
' 
R=H 
CH„ 1 3 
N 
E=CH, 
. . ^ ^ ^ ^ 
Among the s e v e r a l a r y l i s o t h i o c y a n a t e s p o s s e s s i n g 
h igh n e m a t o d i c i d a l a c t i v i t y , p h e n y l i s o t h i o c y a n a t e (12) and 
1 ,4 -ph . eny lencd i i so th iocyana te {2Jlt b i t o s c a n a t e ) show h igh 
antihookworin a c t i v i t y i n nan . i.2. ^Q-s been demons t ra ted 
t o cure hunan hookworn i n f e c t i o n s a t a dose of 300 n g A s 
given i n t h r e e d iv ided doses . C l i n i c a l s t u d i e d c a r r i e d 
wi th 20. a t Hoechst l a b o r a t o r i e s have shown t h a t t he drug 
g ives 47-96^ and 25-96^ cure r a t e s a g a i n s t A.duodenale and 
U.americanus i n f e c t i o n s r e s p e c t i v e l y a t a dose of 3 x 100 
mg for a d u l t s and 2 x 100 mg f o r c h i l d r e n given a t 12 hours 
i n t e r v a l s -^  , The s ide e f f e c t s of b i t o s c a n a t e a r e 
n a u s e a , v o m i t i n g , headache, abdominal pa in and weakness 
which a r e g e n e r a l l y n i l d anu t r a n s i e n t . 
NCS 13., R ^ E 
^ , R = -KCS(bitoscanate) 
Recently Ciba l a b o r a t o r i e s have introduced 
4"-isothiocyanato-4 '-ni trodiphonylanine (21., Amoscanate) 
for t reatment of hookworn and other nematode in fec t ions in 
10 
nan ^^ . Three dosos of this conpound at 100, 125 or 250 
at 8 or 12 hours intervals were found to cause complete 
58-60 
removal of A.duodenale and N.anericanus m man 
0 N ~<^ V NH-/ y-NCS 
21.» Amoscanate 
Pebantel (22.) and amidantol (£l) are the two 
new anthe lmint ics developed by Bayer, Pebantel shows 
high a c t i v i t y agains t d i f fe ren t species of nematodes and 
cestodes in mice, r a t s , dogs, sheep and c a t t l e . At a dose of 
1-5 n g A s ^"^ eliminated A.caninum. Uncinaria stenoceuhala. 
Nematospiroides dubiug., H. contor t us and gyfiOfiiofflM— 
6l 6P 
trigonocophalum from various animals * . Amidantel 
c l ea r s N.muris_, N.dubius and A.caninum at a dose of 250 x 3» 
250 X 4 and 25 mg/kg respec t ive ly ^* . 
- ' ^ i / 
f^V" 
zz. 
NHCOCH OCH 
im 
GOCH2OCH 
3 21 
Q/CH^ 
WH 
G-NHCOOCE 
A ^ NCCH )^, 
II 
NCOOCH. 
The present d iscuss ion would i nd i ca t e t h a t 
there a re some ef fec t ive drugs ava i lab le t o t r e a t hookworm 
infec t ion in man but a broad-spectrum nematodicide i s 
s t i l l l ack ing , and there i s a need to develop an antinematode 
11 
drug which will not only have activity against hookworm 
hut would also kill other intestinal nematodes since mixed 
intestinal helminthiasis is a common parasitic problem in 
the third world, 
1*2 BASIS OF WOBK 
Of the several classes of compounds demonstrated 
to possess powerful anthelmintic activity, the imidazole 
nucleus has provided the largest number of potent 
nematodicidal agents . The substitution of an aryl, 
heteroaryl or carbalkoxyamino groups at 2 position and 
annelation of a benzo radical at position 4,5, carrying 
electron withdravfing pharmacophores at 5 position of 
benzimidazole appear to provide optimal anthelmintic 
activity . However, major attention in these studies 
appears to have been paid towards the ^nthesis of 5(6)-
substituted benzimidazole-2-carbamates because of their 
common mode of action (inhibition of fumarate-reductase 
activity of worm) and high activity against different 
gastrointestinal nematodes. The most potent member of 
this class is mebendazole (8) which shows marked activity 
against various gastrointestinal helminth parasites in man 
but its use is limited because of the teratogenic and 
embryotoxic effects associated with the drug. Another two 
members of this series are thia^bendazole (5.) and 
12 
cambendazole (6.) , which carry a heteroaryl group at 
2-position of benzimidazole. 
N 
K-^ ^NHCOOCH 
H 
o 
3 H 
-N 
^ ^ ^ N - - ^ -rj s 
a i* R = H 
6., R = NHCOOPr ^ 
An ideal anthelmintic should possess a high 
margin of safety and be capable of eliminating various 
gastrointestinal nematodes and cestodes since mixed 
helminth infection is a common occurrence in the developing 
countries. Based on the lead of the powerful anthelmintic 
activity of thiabendazole (5.)» cambendazole (6.) 
6 9 2-phenylbcnzimidazole (phenzidole) and various 2-aryl 
70 benzimidazoles , it was considered of interest to explore 
the anthelmintic potential of various 2-arylbenzimidazoles 
of the type I-III, A number of benzimidazole hetero-
cycles of the type IV have also been synthesized as 
incorporation of benzimidazole nucleus into various 
heterocyclic systems has been found to yield compounds 
71-"7 2 
with potent antihookworm activity' 
<<^^^ 
R = H, C I , N NCH, \__y ' 
, CO-CH=C!H-Ar 
R = H, WO2, NH^, NCS; R^ = H,COOH; 
R^= A r y l , Hj R^ = A l k y l , A r y l 
R 
13 
r ^ ^ ^ , 
H 
I I 
Ji t> # R 2 
/ R = H, 0 1 , N ; ^ 
R-^=H, 01 
R^= N02,NH2,NCS,1THG00£ 
r<^^^ 
" ^ ^ 
IV 
Het 
Het = Benzoxazoles 
= Benzothiazines 
= Thiazolines 
The introduction of an arylthio pharmacophore at 
2 and 5 positions of "benzimidazoles is associated with a 
V^ —74-
wide spectrum of anthelmintic activity'-^ ^. This fact 
taken in conjunction with the earlier studies carried out 
75 
on diarylsulfonos with powerful anthelmintic activity 
let us to synthesize 2-arylthio- and 2-arylsulfono 
benzimidazoles of the type V and VI respectively. 
,^^=^>-
V, Ar = Aryls and Heteroaryls 
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1 .3 SYNTHESIS OP 5 (6)-SUBSTITUTED 2-(l-AMIH0ETHYL) 
BENZIMIDAZOIBS AED 2-SUBSTITUTED CINNAMOYLBBNZIMI-
DAZOLES 
Condensat ion of ^ -p i i eny lened ian ine (£6.) wi th 
l a c t i c a c i d i n p resence of h y d r o c h l o r i c ac id gave 2 - ( l -
hydroxye thy l ) b e n z i n i d a z o l e (22.) , which on t r e a t m e n t 
w i th t h i o n y l c h l o r i d e a f fo rded 2 - ( l - c h l o r o e t h y l ) b e n z i n i -
77 d a z o l e (12.) • Reac t ion of 12. w i th v a r i o u s a l i p h a t i c 
amines y i e l d e d 2 - ( l - s u b s t i t u t c d a a i n o e t h y l ) b e n z i m i d a z o l e s 
7R (25.~4^) • A similar sequence of reactions s t a r t i ng with 
the condensation of 4-cljloro-o.-phenylenedianine (21) with 
l a c t i c acid followed by reaction of 10 with thionyl 
chloride resulted in the formation of 5(6)-chloro-2-
7 7 7Q (l-chloroGthyl)benzinidazole ( H ) ' which was reacted 
with different aminos to give 5(6)-chloro-2-(l-substitutGd 
aminoethyl)benzimidazoles ( 4-1-45). 
5-Chloro-2-nitroaniline (ZA) was prepared by 
n i t ra t ion of 3-chloroacetanilido with fuming n i t r i c acid 
followed by deacetylation of resul t ing 5-chloro-2-nitro-
flO 
acetanilidc with sodium ethoxido . Reaction of 2^ with 
N-methylpiperazino gave 5-(4-nothyl-l-piperazinyl)-2-
ni t roani l ine (21) which was hydrogennt^d over Ranoy-nickel 
catalyst to yield 4-(4-methyl-l-piperazinyl)-o.-phcnyl-
enediamine. 
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(£8) . C y c l i s a t i o n of £8 wi th l a c t i c ac id a f fo rded 
2 - ( l -h .ydroxye thy l ) -5( 6) - ( 4 - n i e t h y l - l - p i p e r a z i n y l ) b e n 2 i n i -
dazo le (21,). Conversion of 21, i n t o i t s co r re spond ing 
ch lo ro d e r i v a t i v e (2A) fol lowed by i t s n u c l e o p h i l i c 
r e a c t i o n wi th N-methy lp iperaz ino y i e l d e d 5 ( 6 ) - ( 4 - n e t h y l -
l - p i p e r a z i n y l - 2 - [ l - ( 4 - m e t h y l - - l - p i p e r a 2 i n y l e t h y l ] b e n 2 i i n i - -
dazole ( ^ ) . Oxida t ion of £2 wi th po tass ium d ichromate 
y i e l d e d 2 - a c e t y l b e n 2 i a i d a z o l e ( ^ ) which was t r e a t e d 
wi th v a r i o u s s u b s t i t u t e d benza ldehydes u s i n g the methods 
known i n l i t e r a t u r e t o a f fo rd 2 - s u b s t i t u t e d c innanoyl 
b e n z i n i d a z o l e s (4.8~52) (Scheme 1) . 
1.4 SYNTHESIS OF 2-ARJLBENZIMIDAZOLES AND THEIR 
"Wi'iii I i . ™ » m . \ a m \ — , , mi i , . . i i»—iinfinw —i i i — H i — — ^ i w w u l — M i » ^ »iii > • • ! • • 
OYCLIC ANALOGS 
In an e x p l o r a t i o n of s u b s t i t u t e d 2 - -n i t ro -
a n i l i n e s in the s y n t h e s i s of 2 , 5 - - d i s u b s t i t u t e d benz imida-
z o l e s , 5 - c h l o r o - 2 - n i t r o a n i l i n e {2A) was condensed wi th 
s a l i c y l i c ac id (52.) and 5 ~ c h l o r o s a l i c y l i c ac id ( ^ ) i n 
p re sence of pho$phorus t r i c h l o r i d e t o y i e l d N - ( 5 - c h l o r o - 2 -
n i t ropheny l ) -2 -hydroxybenzamidc (25.) and 5 ( 6 ) - c h l o r o 
N - ( 5 - c h l o r o - 2 - n i t r o p h o n y l ) - 2 - h y d r o x y benzanide i'^S) 
r e s p e c t i v e l y . Reac t ion of 55-^6 wi th N-me thy lp ipe raz inc 
i n b o i l i n g p y r i d i n e caused replacement of t he a c t i v a t e d 
c h l o r i n e a t 3 ' - p o s i t i o n r e s u l t i n g i n the format ion of 
N - [ 5 - ( 4 - m e t h y l - l - p i p e r a z i n y l ) - 2 - n i t r o p h e n y l ] b e n z a i a i d e s 
^While t h i s work was in p rog re s s^ Zoorab e t ^ 1 ^ ^ r e p o r t e d 
t h e s y n t h e s i s of 2£ t)y a s i m i l a r method. 
17 
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5 1 , R = H, R^ = OH, R^ = H 
i 8 , R = H, R^ = OH, R^ = CI 
12., R = NO^, R R^ = H 
6 0 - 6 1 
<r 
5L 
R- Ra-Ni, H2 
6 i , R 
65., R 
66., R 
= H, R-^  = OH, R'^  = 0 1 , R 
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H, R^ = OH, R2 = C l , R5 = 01 
Scheme ? 
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(5,7 and ^) r e s p e c t i v e l y . The sjmthesis of N - [ 5 - ( 4 -
methyl - l -p iperaz inyl ) -2-nl trophenyl]-4-ni trobenzaniide (59) 
was achieved by treatment of 5 - (4 -methy l - l -p ipe ra2 iny l ) -2 -
n i t r o a n i l i n e (25J with 4~nitrobenzoyl chloride in 
presence of t r i e thy lamine . Reaction of the benzamides 
56 and 5.8 with e thy l chlorofornate aad thiophosgeno 
y ie lded 6-substituted-3-aryl-2,4-cLioxo-2H-3»4-cLihydro-l, 
3-benzoxazines (60-61) and 6-subs t i ta ted-3-ary l -4-oxo-2H-
3,4-dihydro- l ,5-benzoxazine-2- thiones (62-63) r e spec t ive ly , 
Reduction of n i t r o compounds S^, 5^ and 5^ with hydrogen 
in presence of Raney-nickel c a t a l y s t afforded the 
corresponding amino de r iva t i ve s 64-66 (Scheme 2) which 
were used as s t a r t i n g ma te r i a l s for the synthesis of 
var ious 2-arylbenzimidazoles and t h e i r cycl ic analogs 
described in Schemes 3 and 4 . 
Acid catalysed cyc l i s a t i on of 65. and 66^ in 
presence of hydrochloric acid resu l t ed in the formation of 
subs t i tu t ed 2-arylbonzimidazolcs (67-68) of which 
2-(4-aminophenyl)-5-(4-methyl- l-piperazinyl)ben2imidazole 
(67) was t r ea t ed with thiophosgeno to y ie ld 2 - ( 4 - i s o t h i o -
cyanatophenyl)-5-(4-methyl- l -piperazinyl)benzimidazole 
(71)» A s imi lar r eac t ion of 62. "with ethyl chloroformatc 
and e thyl chlorothioformate gave the corresponding 2 - (4 -
subs t i tu ted amirLOphonyl)-5(6)-(4-methyl-l-piperazinyl)-
benzimidazoles (69-70), Treatment of 5(6)-chloro-2~ 
19 
(5-chloro-2-hydroxyphGnyl)bGn2inidazole (6.8) with 
thiophosgcne yie lded a mixture of 2,8-dichlorobenziinidazo 
[2, l~c][ l ,3]bcn20xazine-6- thionG (12.) and 2 ,9 -d i ch lo ro -
bGnzinidazo[2, l -c] [ l ,3]benzoxazine-6- thione ( H ) which 
could not be separa ted. The formation of 22. and 22. was 
es tab l i shed by i t s pos i t i ve sulphur t e s t , elemental 
ana lys i s and a molecular ion peak (M"^ ) at 322, (Scheme 3 ) . 
2'-Amino-5,5 ' - d i c h l o r o s a l i c y l a n i l i d e (6.0 
when reacted with thiophosgene in ac id i c condi t ions 
underwent double in t ramolecular he te rocyc l i sa t ion to 
y ie ld 3,7-"dichloro-6-oxo-benzinidazo[3,2-a][l ,3]bcnzoxa2ine 
hydrochloride (26.)» no in termedia te could be t rapped. The 
reac t ion presumably proceeds v i a i n i t i a l formation of tho 
i so th iocyanate 2A cl-ue to the p r e f e r e n t i a l a t tack of 
thiophosgene on the amino group, a stronger nucleophi le 
than phenolic OH in a c i d i c medium, which would undergo 
spontaneous r i ng closure to y i e ld 25.» followed by 
intramolecular nuc leophi l ic a t t ack of OH a t 2-posi t ion of 
benzimidazole r i ng loos ing a molecule of HpS to give 2£ 
(Scheme 4 ) . This proposed mechanism i s supported by the 
e a r l i e r s tudios ca r r i ed out in t h i s laboratory on the 
Ctry 
he to rocyc l i sa t ions of thiophosgene . 
2-Chloro-3,5-dini t robenzoic acid (22)» 
prepared by the n i t r a t i o n of 2-chlorobenzoic acid , was 
20 
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another v e r s a t i l o precursor which was chosen for bui ld ing 
po ly - subs t i tu t ed benzinidazolos . E s t e r i f i c a t i o n of 21 
with methanol and hydrochloric acid gave methyl 2-chloro-
89 3 ,5-d in i t robenzoate (28) which was t r e a t e d with N-nethyl -
piperazine in presence of t r i e thy lamine to y i e l d methyl 
2"-(4*-mothyl-l-piporazinyl)-3,5-dlnitrobenzoate (12.). 
Treatment of 12. with 4 - n i t r o a n i l i n e and t r i e thy lamine 
yielded 2 - ( 4 - n e t h y l - l - p i p e r a z i n y l ) - 3 , 5 - d i n i t r o - N - ( 4 -
nitrophenyl)benzamide (80) , A s i m i l a r r eac t ion of 12. with 
2 -n i t roan i l ino did not give the expected 2- '(4-methyl-l-
piperazinyl)-3,5"-dini tro-N-(2-ni trophenyl)bonzamide (81) , 
In an a l t e r n a t i v e approach to prepare 80.~8i.» 
2-chloro-3 ,5-din i t robenzoic acid ( H ) was t r e a t e d with 
th ionyl chloride to afford the corresponding chloride (82_), 
which when reac ted with 4 -n i t roan i l i no gave 2-chloro-3»5-
dinitro-N-(4--nitrophonyl)benzanido (82.). However, 
2-0111 oro-3,5~dinitro-N-(2-nitrophonyl)benzamide (8^) vzas 
obtained d i r e c t l y by condensing H with 2 - n i t r o a n i l i n e in 
presence of PCl.^ in re f lux ing xylene . Reaction of 83,-84 
with N-mothylpiperazine gave only 80 in b e t t e r y i e l d . 
Thus, 81, could not be synthesized by t h i s method, which 
on reduct ion followed by cyc l i sa t ion by an acid would have 
afforded 85. (Scheme 5 ) . 
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Cata ly t ic hydrogcnation of 8± us ing Raney-nickel 
gave 3»5"-3.ianino-2-chloro-N-(2-aninophenyl)benzanide (86) 
which, underwent smooth cyc l i s a t ion in HCl to y ie ld 
2-(3»5-diaaino-2-chlorophenyl)bonzinidazole (87) . 
2-(2-Chloro~3,5-diisothiocyanatophenyl)benzirriidazole (88.) 
and l - (2-ch loro~3,5-d i i so th iocyana tobenzoyl ) -2-nercapto-
benzimidazole (8.2.) were obtained by treatment of 81 and 86 
respec t ive ly with thiophosgenc (Scheme 6 ) . 
Treatment of 21 with 3-n i t ro and 4 - n i t r o a n i l i n e s 
in presence of t r i c t h y l a n i n e *in re f luxing xylene was made 
to yie ld 2-[(3 and 4-ni t rophonyl)ainino]-3,5-dini t robenzoic 
aci4s (90-9,JL); SL when t r e a t e d with a fur ther nolo of 
n i t r o a n i l i n e s in presence of PCI- afforded the corrospondin/y 
3 ,5-d i .n i t ro-2- [ (4-n i t rophenyl )anino]-N-(2- or 3-ni trophenyl) 
benzanldos (22.-^1). Reduction of ^ , 21 and ^ with 
hydrazine-hydrate and Raney-nickol yielded the corresponding 
amino der iva t ives (94-96) . Cycl isa t ion of 3 ,5 -d ian ino-2-
[N--(3-aminophenyl)anino]benzoiG acid (^6.) with a c e t i c acid 
resu l t ed in the smooth formation of 5~acetanido-l - (3~ 
acetamidophenyl) -2-methylbonzimidazole-7-carboxylic acid 
(21) which was hydrolysed with HCl to the corresponding 
amine (28) . Reaction of ^S with thiophosgene yie lded 
5 - i so th iocyana te - l - ' 3 - i so th iocyana topheny l ) -2 -ne thy lbenz i -
midazole-7-carboxyli3 acid (22.) (Scheme 7 ) . 
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1.5 S'flTTHBSIS IF SUBSTITUTED 2-ARYLTHIO AND 2 -
ARYLSULPONO BENZIMIDAZOLBS AND THEIR CYCLIC ANALOGS 
C y c l i s a t i o n of o-phonylenediainine (^6.) w i t h 
carbon d i s u l f i d e y i e l d e d 2-mercaptobenzimidazole (li2JL) ' • 
5 (6) -Chloro-2-n iorcap toben2in idazo lG (102) was s y n t h e s i z o d 
s i n i i l a r l y from 4-chloro-o-ph.enylenediaEiine iZD ^''^^ 
carbon d i s u l f i d e ; i t was p r epa red e a r l i e r by t r e a t i n g 21 
91 
with. airmoniUEi t h i o c y a n a t e . However, a s i m i l a r r e a c t i o n 
of 4-ni t ro-Q,-pi ienylenedianine (100) wi th carbon 
d i s u l f i d e gave poor y i e l d of 5 ( 6 ) - n i t r o - 2 - m e r c a p t o b e n z i n i -
92 dazo le (10'^)^ , but the l a t t e r was conven ien t ly p repa red 
by n i t r a t i o n of IQJL wi th HpSO^-HNO, mix tu re i n 66.7/° y i e l d . 
N u c l e o p h i l i c r e a c t i o n of lOl-lO^^ w i th s u b s t i t u t e d 1-ch loro-
4--ni t robonzenes a f forded 2-( 2 ~ s u b s t i t u t e d - 4 - n i t r o p h o n y l - -
t h i o ) b e n z i n i d a z o l e s ( I O 4 - I I 2 ) . Reduct ion of 104-110 wi th 
hydrogen over Raney-nicke l c a t a l y s t gave the r e s p e c t i v e 
2 - ( 4 - a m i n o p h e n y l t h i o ) b e n z i n i d a z o l e s (112,-118) which when 
al lowed t o r e a c t wi th th iophosgene a f fo rded s u b s t i t u t e d - 2 -
(4 - i so th iocyana topheny l th io )bGnz i i i i i dazo le s ( 1 1 9 - 1 2 4 ) . 
B e t t e r y i e l d s of the i s o t h i o c y a n a t e s 119-124 were o b t a i n e d 
when the above r e a c t i o n was c a r r i e d out i n p r e sence of» 
t r i e t h y l a m i n o (Scheme 8 ) . 
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In a fa r ther extension of the syn the t ic 
u t i l i t y of 2-mercaptoben2imida20les, 3-amino-4-ni t ro-
chiorobenzene was t r ea t ed with 5(6)-chloro-2-mercapto-
benzimidazole (102) r e s u l t i n g in the formation of 2--(5-
amino-4*^i t rophenyl thio)-5(6)-chloro benzimidazole (125) 
which was converted i n to i t s diamino der iva t ive ( lg6) 
by ca t a ly t i c hydrdgenation, Cycl isa t ion of 5 (6 ) - ch lo ro -2 -
( 3 , 4-diaminophenylthio)benzimidazole (126) with 1 , 3 -
dioarbethoxy~S-methylisothiourea gave e thyl 5(6)^5(6)--
chloro-2-benzimidazolylthio]benzimidazole-2-carbamate 
(jL2Z)* Reaction of 2-mercaptobenzimidazole (101) with 
2-chl.oro-3,5-dinitrobenzoic acid (21) d i r e c t l y y ie lded 
2,4-di.nitro-12H-benzimidazo[2,l-b][l ,3]benzot3 azin-12~one 
(129) vhich might have r e s u l t e d by dehydration of 2-(2~ 
carboxyl-4,6-dini trophenylthio)benzimidazole in termediate 
128. Altenpts to reduce 129 always yielded highly 
unstable diamine (130) and thus corresponding d i i s o t h i o -
cyanate (133.) could not bo synthesized (Scheme 9 ) . 
Reaction of 2-mercapto-5(6)-nitrobenzimidazole 
(103) "witii 1,2-dibromoethane r e s u l t e d in the formation of 
approximately 1:1 mixture of 2 ,3 -d ihydro-6-n i t ro th iazo lo 
[3,2-a]berxziraidazolc (133') and 2 ,3 -d ihydro-7-n i t ro th iazo lo 
[3,2-a]benzimidazole (122.) which were separated on a s i l i c a 
gel column using benzene and acetone as e l u a n t s . Reduction 
30 
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of 1'52 and 13"^ with hydrazine hydrate and Raney-nickel in 
nethanol- te t rahydrofuran n ix tu re gave the corresponding 
7 - and 6-anino-2,3-dihydrothiazolobenzinidazoles l'?4 and 
136 r e s p e c t i v e l y . Treatment of 134 and 136 with 
thiophosgene yie lded the r e spec t ive 2 ,3 -d ihydro-7- i so th io -
cyanatothiazolo[3,2-a]benzimidazole (H5.) and 2 ,3-d ihydro-
6- isothiocyanatothiazolo[3,2-a]benzimidazole 
(iXL) a-s -tiieir hydrochlorides (Scheme 10) , 
The s t ruc tu re s of 122 and 133 were e s t ab l i shed 
by t h e i r IR, ITMR, mass spec t ra and elemental ana lyses . 
The NMR of i^g. ( F i g . l ) showed two s e t s of mu l t i p l e t s 
expanded over 6 3.90-4*16 and 4.27-4.56 r e s u l t i n g duo to 
the a;eminal and v i c i n a l couplings of the magie t ica l ly 
nonequivalent methylenic protons a t 2 and 3 pos i t ions 
r e s p e c t i v e l y . A doublet a t 7.45 appeared due to ortho 
coupling of 5H proton. S imi lar ly two s e t s of doublets 
absorbing a t 7.95 were assigned due to ortho and mota 
coupling of 6H proton. The 8H proton appeared as a doublet 
a t 8 .13 . The NMR of 121 (Fig .2) showed two s e t s of 
mul t ip l e t s spread over 6 3,91-4.15 and 4.32-4.54 r e s u l t i n g 
duo to methylenic protons at p o s i t i o n s 2 and 3 r e spec t ive ly . 
S imi la r ly , a doublet , double doublet and doublet appearing 
a t 7 .46, 7.90 and 8.25 were assigned due to 8H, 7H and 5H 
r e s p e c t i v e l y . The s t r u c t u r e s of 132 and 133 were supported 
by running the i r NMR spec t ra in DMSO-dg + DGl. Treatment 
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of these two compounds with DCl would result in 
preferential douteration of the nitrogen present at nota-
position to the nitro group. Thus the NMR of 133 showed 
a high downfield shift (l8Hz) of J-GTi^ ^^® ^'^ deuteration 
at 4-position than that of l^g where a small shift (lOHz) 
of 3-CHp was observed due to deuteration at 9 position. 
A further support to above evidences was drawn 
from by calculating the chemical shifts for 5 and 8 
aromatic protons in 132 and 133 which were in close 
agreement with the observed values (Table 2), 
Table.2 - Calculated and observed chemical shifts for 
aromatic protons in 132 and 133. 
CQ-H (6) C^~H (6) 
Calc. Found Calc. Pound 
8.02 - 7.56 
8.13 7.56+0.: 
(8.97) (7.73) 
12Z 8,02+0.95^ .17^ 7.45 
133 8.02+0.17 7.46 7.56+0.95 8.25 
(8.19) (8.51) 
a, deshielding effect of a proton = -0.17 6 
b, deshielding effect of 2, proton = -0.95 6 • 
(taken from Jackman's 'Application of Nuclear Magnetic 
Resonance Spectroscopy in Organic Chemistry, Porgamon 
Press, London, 1959). 
34 
Oxidation of 2-(2-substi tuted-4-nit2x>phenylthio) 
bcnzimidazoles (104. 105y 109,. 110,, 122) with m-chloroper-
benzoic acid gave the corresponding 2 - (2~sabs t i t u t ed -4 -
nitrophenylsalfono)benzimidazoles of which 138. l '^9. 140^ 
1AZ. wore reduced with Raney-nickel and hydrogen to y ie ld 
the corresponding amino de r iva t i ve s (143,-146). Treatment 
of 144--JL46 with thiophosgene gave the corresponding 
2-(2-subst i tu ted-4- isothiocyanatophenylsulfono)benzimidazoles 
(147-149) (Scheme 11). 
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1.6 EXPERIMENTAL PROCEDURE 
The s t r u c t u r e of a l l t h e compounds were chedced 
by t h e i r IR s p e c t r a t aken on Porkin-Elmer 137 , 177 and 337 
spGctrophotometers and MIR s p e c t r a recorded on Var ian A-60r 
(60 MHz) and Perk in-Elmer R-32 (90 MHz) s p e c t r o m e t e r s . The 
IR f r e q u e n c i e s a r e expressed i n cm and t h e NMR s i g n a l s a r e 
g iven i n 6 u n i t s u s ing TMS as i n t e r n a l r e f e r e n c e . The mass 
s p e c t r a have been recorded on Jeol-JMS D300 i n s t r u m e n t . 
The p u r i t y of a l l t he compounds was checked on s i l i c a ge l G-
or b a s i c alumina p l a t e s and the s p o t s were l o c a t e d by i o d i n e 
v a p o u r s , KMnO. or Dragondorf s p r a y . Mel t ing p o i n t s were 
t a k e n i n s u l p h u r i c ac id b a t h and a r e u n c o r r e c t e d , 
2 - ( 1 - H y d r o x y e t h y l ) - 5 ( 6 ) - ( 4 - m e t h y l - 1 - p i p e r a z i n y l ) 
benz imidazo lc (31) 
A mixture of 4 - ( 4 - m e t h y l - l - p i p o r a z i n y l ) - l , 2 - d i a r a i n o 
benzene (£8 , 20.6 g, 0 . 1 mole) and l a c t i c acid ( 9 . 0 g, 0 , 1 
mole) i n 4N HCl (100 ml) was r e f l u x e d for 6 h r and then 
l e f t overn igh t a t room t e m p e r a t u r e . The r e a c t i o n m.ixture 
was n e u t r a l i z e d wi th 30?" aqueous ammonia s o l u t i o n and t h e 
p roduc t e x t r a c t e d w i t h e t h y l a c e t a t e (3x100 m l ) . The 
combined e x t r a c t s d r i e d (NapSO.), so lven t removed i n vacuo 
and t h e r e s i d u a l s o l i d c r y s t a l l i z e d from benzenej y i e l d 
26 .0 g ( 5 0 / 0 , m . p . 8 2 - 8 4 ° . 
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IR(KBr) : 3300 (OH). 
Analysis for : C^ H^QN 0 
Calcd : C, 64.63? H, 7.69; N, 21.59 
Found : C, 64.59; H, 7.62; N, 21.59/° 
Using t he above method, compounds 23. (m.p.l78 , 
l i t J ^ m.p.178-79°) and 20: (m.p,179°, l i t . '^ '^ m.p.178-79°) 
were prepared by reac t ing 2^ and 22. respect ivoly with 
l a c t i c acid , 
2 - ( l -Ch lo roe thy l ) -5 (6 ) - (4 -me thy l - l -p iporaz iny l )benz i -
midazole (34^ 
A mixture of 2i. (13.0 g, O.O5 mole) and th ionyl 
chlor ide (30 ml) was heated on water bath for 4 h r . Excess 
of th ionyl chloride was removed under reduced p re s su re , 
the res idue washed with benzene and f i na l ly neu t r a l i zed 
with 30!^  aqueous ammonia so lu t ion to give 24.,yield 10.50 g 
(75"/0, m.p.140^. 
IR(KBr) : 2900 (CH^), 3300 (NH). 
Analysis for s C, .H^QCIN. 
Calcd J C, 60.33; H, 6.82; N, 20.11 
Found : 0, 60.25; H, 6.80; N, 20.08/° 
Simi lar ly , compounds 1^ (m.p. l35° , l i t . '^ ' ' ' m.p.l33°) 
O 7 7 7Q 
and 21 (m,p.l30 , lit."*'^ m.p.128-130°) were prepared by 
treating 21 and 20 respectively with thionyl chloride. 
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2-[l-(4~Metl iyl~l~piperidinyl)ethyl]benzimida20le (^l) 
A so lu t ion of 21 (2.18 g, 0.01 mole) and 4-
methylpiperidine (1 ,0 g, 0.01 molG) in dry pyr idine (30 ml) 
was refluxed for 12 h r . The solvent was removed from the 
reac t ion mixture under reduced p res su re , the residue washed 
with water and separated sol id f i l t e r e d . The product was 
pur i f ied by acid-base (6N HCl - 30/° aqueous NH,) treatment 
and f ina l ly c r y s t a l l i z e d from e thanol ; y i e ld 12.0 g (50/O 
m.p,190 , 
IR(KBr) : 3000 (NH). 
NMR(CDC1 ) : 0.9 (d, 3, CH-CH ), 1.5 (d, 3, NCH-CJi^), 
1.80-2.40 (m, 4, 01(0112)2)» 2.50-3.0 (n, 4, 
N(CH2)2), 4.0 (q, 1, N-CH-CH^), 7.0-7.8 (m, 
5, Ar-H, NS.). 
Analysis for: C^ H^g^ N^ 
Calcd : C, 74.03? H, 8.07j F, 17.27 
Pound : C, 74.23J H, 8.40j N, 17.07/° 
By a s imilar method compounds 36-46 (Table l ) 
were prepared by r eac t ing "52-34 with appropr ia te amines. 
2-Acetylbonzimidazole (47) 
This was prepared by the potassium dichromate 
oxidation of Z2. in lOfo y ie ld by the method described in 
l i t e r a t u r e , ci.p.isg^^ 
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2-( 4-Hydroxycinnamoyl)bGnziiaidazole (^B) 
A s o l u t i o n of 4-hydroxybGn2aldehyde (1 .22 g, 0 .01 
no lo ) was added dropwise to a s t i r r e d s o l u t i o n of ^2. 
( 1 . 6 g , 0 .01 no lo ) and sodium hydroxide ( 3 . 0 g) i n 90/° 
e thano l (30 n l ) and t h e r e a c t i o n n i x t u r e kep t ove rn igh t 
a t room t e m p e r a t u r e . The r e a c t i o n mixture was n e u t r a l i z e d 
with 25?^  a c e t i c a c i d and t h e s e p a r a t e d s o l i d f i l t e r e d , 
d r i e d and c r y s t a l l i z e d from benzene , y i e l d 2 . 1 g (809^), 
m . p . 2 8 5 ° . 
IR(KBr) : 322O-323O (NH and OH), I65O (CO), 1550 
(CH=CH). 
NMR(CDCl^) : 7.7 (d , 2 , CIt=CH, J=22 Hz ) , 7 . 3 - 7 . 5 5 (n , 
5, GO-Ar-a and NJI), 6 . 7 - 7 . 3 (m, 4, CH-CgH^-
OH). 
A n a l y s i s fo r : ^is^2.^2^2 
Calcd : C, 72.72j H, 4 . 5 8 ; N, 10 .60 
Found : C, 72 .80; H, 4 . 8 0 ; N, ll.QO/° 
S i m i l a r l y compounds 43-*?g v;rere made by t r e a t i n g ^ 
wi th r e s p e c t i v e a r o m a t i c a l d e h y d e s . 
5 ( 6 ) - C h l o r o - N - ( 5 - c h l o r o - 2 - n i t r o p h e n y l ) - 2 - h y d r o x y 
ben2amide (56) 
Phosphorus t r i c h l o r i d e (4 ml , O.O5 mole) i n dry 
xylene (20 ml) was added dropwise t o a r e f l u x i n g m i x t u r e 
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of 5 -ch lo rosa l i cy l i c acid (5JL_, 8.62 g, O.O5 mole) and 
5 -ch lo ro -2 -n i t roan i l ine i2A* 8.62 g, O.05 mole) in xylene 
(100 ml) and ref luxing continuedfor 2 h r s . V/ater (10 n l ) 
was added gradually to the cooled reac t ion mixture and then 
xylene was removed by steam d i s t i l l a t i o n . The so l id 
separated was c r y s t a l l i z e d from e thy l a c e t a t e - t e t r a h y d r o -
furan t o give 5.6., y ie ld 7.9 g (60/O, m.p.185-86°. 
IR(KBr) : 1315, 1570 (m^), I635 (C=0), 3250 (NH), 
3450 (OH). 
Analysis for ; C^^HgCl N 0 
Calcd : C, 47.71; H, 2.45; N, 8.56 
Pound : C, 47.42; H, 2 . 5 1 ; N, 8. 
In a s imi la r manner 5^ was prepared by r e a c t i n g 
2A with ^ . 
5-Chloro-2-hydroxy-N-[5-(4-methyl- l -piperazinyl)-2-
nitrophenyljbenzamide (58) 
A mixture of 5^ (1.6 g, 0.005 mole) and N-methyl 
p iperaz inc (0.5 g, 0,005 mole) in dry pyridine (20 ml) was 
refluxed for 24 h r . Pyridine was removed under reduced 
pressure and the res idue obtained washed with lOfo HCl (10(i 
The hydrochloride obtained was bas i f i cd with aiTmonia,washed 
with water , dried and c r y s t a l l i z e d from chloroform to 
y i e l d 58, y i e l d 1.5 g (77/o), m.p.l33~31°. 
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IR(KBr) ; 1310, I56O (NO^), 1645 (CO), 3150 (NH), 
3400 (OH). 
Analysis for : C g^H-j^ QClN.O 
Calcd : C, 55.33r H, 4.87; N, 14.34 
Found i C, 55.46J H, 4.79; N, 9.48/o 
Using t h e above method ^X ^^^ obtained by t r e a t i n g 
5^ with N-methylpiperazine. 
N-[5-( 4-Methyl-l-pipera2;inyl) -2-ni t rophenyl ] - 4 - n i t r o -
benzamido (59) 
A raixture of 4-nitrobenzoyl chloride ( I . 85 g, 0,01 
mole) , 5"-(4~acthyl- l -p iporazinyl)~2-ni t roani l ine (2^ , 2,56 g, 
0.01 nole) and t r ie thy lamine ( l .Ol g, 0.01 mole) in 
chloroform (20 ml) was refluxed for 20 hr« The cooled 
r eac t ion mixture was washed with water , dried (NapSO ) , 
concentrated and the residue c r y s t a l l i z e d from a lcoho l , 
y i e ld 3.2 g (83^^), m.p . l83-85° . 
IR(KBr) ; 1315, 1560 (NO^), 1670 (C=0), 3210 (NH). 
Mass ; M"^  a t m/o = 385 
Analysis for : C^ gHgQNc-Op. 
Calcd : C, 55.97; H, 5.18; K, 18.13 
Found J C, 55.79; H, 5.23; N, 18.45f° 
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3-(5~Chloro-2-ni t rophenyl)-2H-3,4-dihydro- l ,3-
benzoxazin-2,4~clione (60) 
A solut ion of othyl chlorofornate (1.08 g, 0.01 mole) 
i n dry acetone (10 ml) was added dropwise t o a s t i r r e d 
mixture of 56. (3.27 g, 0.01 mole) and t r i ethyl-amine 
(1 .01 g, 0.01 mole) in dry acetone (20 ml) a t 0°G. The 
reac t ion mixture was s t i r r e d for 2 hr at 30 and then 
refluxed for 3 h r . The solvent was removed from the mixture 
and t h e residue obtained washed with water, d r ied and 
c r y s t a l l i z e d from e thanol , y ie ld 2.12 g (60?^), m.p. 251-52 . 
IR(KBr) : 1370, 1580 (NO^), 1770 (0=0), I8O5 (0~C0). 
Analysis for : C^ HgCl N 0 
Oalcd : G, 47.26; H, 1.70; N, 7.93 
Found : C, 47.35; H, 1.67; N, 7.85/-
Using above method 6 i was prepared from ^ 8 . 
3- (5-Chloro-2-ni t rophenyl) -4-oxo-2H-3,4-dihydro- l ,3-
ben20xazine-2-thione (6g) 
A so lu t ion of thiophosgene (d=1.5, O.383 ml, 0.005 
mole) in dry acetone (10 ml) was added dropwise a t 90 '^ to 
a s t i r r e d mixture of ^ ( I . 6 3 g, 0.005 mole) and t r ie thylamine 
(0 .5 g» 0.005 mole) in dry acetone (25 ml) . The mixture 
was s t i r r e d for 4 hr a t 40^ and then ref luxed for 1/2 h r . 
The solvent was removed and the residue obtained dissolved 
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in chloroform. The chloroform solution was washed 
successively with water, N/2 NaOH, water, dried (Na^SO.), 
yield 1.1 g (59/0, m.p.219-20°. 
lE(KBr) : 1320, 152^ (NO^), 1725 (C=0). 
Analysis for : Cj_ .HgCl^N^O .S 
Calcd i C, 45.53; H, I.63; N, 7.59 
Found : G, 45.23; H, 1,42; N, 7.67/» 
In a similar manner 6^ . vras synthesized from 58. 
4-Amino-N-[2-amino-5-(4-methyl-l*-pipera2inyl)phenyl]ben-
zamide (6^) 
A mixture of 5.9. (3.30 f;, O.OO6 mole) and Raney-nickel 
( 0.4 g) in THP-ethanol ( 1 : 1 , 50 ml) was shaken with H^ at 
2,5 kg/cm"" pressure for 6 h r . The react ion mixture was 
f i l t e r e d and the ca ta lys t washed with e thano l . The combined 
f i l t r a t e was concentrated and the residue obtained was 
passed through s i l i c a gel column using chloroform a s e luan t , 
y i e l d 1.23 g (63/0, m.p.215-16°. 
IR(KBr) 
Analysis for 
Calcd 
Found 
1620 (C=0), 3225 (NH), 3350, 3475 (NH^). 
^18^23^5^ 
C, 66.46; H, 7.08J N, 21.54 
C, 66.28J H, 7.12; N, 21.65/0 
Using t h e above method 6^ and 66. were prepared by 
reducing 58. and 5^ r e spec t i ve ly . 
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5 ( 6 ) - C h l o r o - 2 - ( 5-chloro-2-hydroxyphenyl )benzimicLazole-
hydroch. lor ide (68) 
A mix tu re of N - ( 2 - a i n i n o - 5 - c h l o r o p h e n y l ) - 5 - c h l o r o - 2 -
hydroxybenzamidc (66., 0 .4 g, 0 .0013 mole) and 4IT HCl (50 ml) 
was r e f l u x e d for 6 h r . The whi le s o l i d s e p a r a t e d on 
c o o l i n g t h e r e a c t i o n mixture was f i l t e r e d , washed w i th water 
and d r i e d t o y i e l d 68 , y i e l d O.3I g (755^0, m . p . 2 4 0 ° , 
IR(KBr) ! 1620 (C=N), 3IOO (NH), 3425 (OH). 
Ana lys i s fo r j C-j^^HgCl^N^O.HCl 
Calcd : C, 49.44? H, 2 . 8 5 | N, 8 .88 
Found : C, 49 .14 ; H, 2 .88 j N, 8.95/° 
In a s i m i l a r manner 6^ was p r e p a r e d from 6^ in 60;^ 
y i e l d , m .p .265 -67^ . 
IR(KBr) i 1625 (C=N), 3150 (NH), 3425 (OH). 
Ana lys i s fo r : C,gH N^.HCl 
Oalcd : C, 62 .89 ; H, 6.4O; N, 20.38 
. Found i C, 62 .72 ; H, 6 .25 ; N, 20.12/° 
2 - (4 -CarbGthoxyaminopheny l ) -5 (6 ) - (4~methy l - l -p ipe ra~ 
2 i n y l ) b e n z i m i d a z o l e (69) 
Ethyl ch lo ro fo rmate (1 ,00 ml , 0 .01 mole) i n dry 
ace tone (20 ml) was added dropvdse to a cooled and s t i r r e d 
s o l u t i o n of (62., 2 .78 g, 0 .01 mole) and t r i e t h y l a m i n e ( 1 . 0 1 g, 
45 
0.01 mole) in dry acetone (150 ml). The reaction mixture 
was stirred for 4 hr at 0° and allowed to reach at room 
temperature. Acetone was removed under reduced pressure and 
the residue digested in benzene, washed with vrater, dried 
(NapSO.) and concentrated. The residue obtained was 
crystallized from acetone, yield 2.65 g (70/0» ra.p.l68 . 
IR(KBr) : 3120 (NH), 1680 (C-NH). 
0 
A n a l y s i s f o r : ^2l'^25^5^2 
Calcd : C, 66 .49j H, 6 . 5 9 ; N, 18.46 
Found : C, 66 .48 ; H, 6 . 6 0 ; R, 18.50/» 
Similarly 2Q, was prepared from 62 o^ reaction with 
ethyl chlorothioformate, yield (60/»)» m.p.4.60 , 
IR(KBr) : 3290 (NH), 1690 (C-NH). 
0 
A n a l y s i s for ; C!22_H2cNcOS 
Calcd i C, 63 .79 ; H, 6 ,32 j N, 17.27 
Found ; G, 63 .76 ; H, 6.3O; N, 17.75/« 
2 - ( 4 - I s o t h i o c y a n a t o p h o n y l ) ~ 5 ( 6 ) - ( 4 - n o t h y l - l - p i p c r a -
- • • • ! , • • • , • - - - I • I I I I " I I I • I I - I . . . - • • • - - • - • - I 
z iny l )ben2 imidazo lo (71) 
Thiophosgono (d=:1.5, 0,0766 ml , 0 .001 mole) was added 
dropwise to a s t i r r e d s o l u t i o n of 2 - ( 4 - a m i n o p h e n y l ) - 5 ( 6 ) -
( 4 - m e t h y l - l - p i p e r a z i n y l ) b o n z i m i d a z o l e h y d r o c h l o r i d e (6X» 
0.307 g, 0 .001 mole) i n 4N HCl (10 ml) a t 30^ . The r e a c t i o n 
mix tu re was l o f t overn igh t and t hen b a s i f i e d w i th s a t u r a t e d 
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NaHCO- solution and extracted with ethyl acetate (3x20 nl). 
The organic layer was washed with water, dried (NapSO.), 
concentrated and the residue obtained crystallized from 
chloroform, yield 0.25 g (7l/0, n.p.220°. 
IR(lCBr) J 2075 (N=C=S). 
A n a l y s i s fo r : C^QH^ N^S 
Calod : C, 65.33? H, 5 .44j N, 20.05 
Found s C, 65 .48 ; H, 5.62? N, 20.05/» 
2 , 8 - D i c h l o r o b o n z i m i d a z o [ 2 , l - c ] [ l , 3 l t i e n z o x a z i n e - 6 -
t h i o n e (22.) and 2 , 9 " - d i c h l o r o b o n z i m i d a z o [ 2 , l - c ] [ l , 3 l 
benzoxaz ine -6~ th ione (73) 
A s o l u t i o n of th iophosgene (1 .15 g, 0 .01 n o l o ) i n 
ace tone (25 n l ) was added dropwise t o a s t i r r e d s o l u t i o n of 
68 ( 2 . 8 g, 0 .01 mole) and t r i e t h y l a m i n e ( 3 . 0 ml , 0 .02 mole) 
i n a ce tone (50 m l ) . Af ter t he a d d i t i o n was o v e r , t h e 
r e a c t i o n mix tu re was r e f l u x e d on a water ba th f o r 1/2 h r . 
Solvent was removed in^ vacuo and t h e r e s i d u e washed w i t h 
w a t e r , d r i e d and c r y s t a l l i z e d from a c e t o n e , y i e l d 1.6 g ( 5 0 ^ ) , 
m . p . l 9 8 ° . 
Mass : M"*" a t m/e = 322 
A n a l y s i s fo r : C^^HgCl^NgOS 
Calcd : C, 52 .34; H, 1 .86 ; N, 8 .71 
Found : G, 52.41? H, 1.92? N, 8.80^ 
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3,8-Dic5hloro-6-oxobenzimidazo[3,2-a][l,3]'benzozazine 
hydrochloride (76) 
A so lu t ion of thiophosgene (0.59 nl, 0.005 mole) in 
dry acetone (3O ml) was added dropwise to a s t i r r e d 
solut ion of 66, (1,5 g, 0.0049 mole) in dry acetone (30 ml) 
a t 0° , The mixture was s t i r r e d for 3 hr a t 30^ and then 
refluxed for 3 h r . The sol id separated was f i l t e r e d , ~ 
washed with acetone (3x20 ml) and dr ied y i e ld 1.2 g 
(69?'0, m.p.222-25°. 
IR(KBr) : I705 (C=0). 
Analysis for : C^^HgCl^NgO^.HCl 
Galcd s C, 49.19; H, 2.05} N, 8.20 
Found : C, 48.92; H, 2.14; N, 8.32/^ 
Methyl 2 - (4 -methy l - l~p ipe raz iny l )~3 ,5 -d in i t ro -
benzoate (79) 
N-methylpiperazine (1,00 g, 0.01 mole) was added 
dropwise to a s t i r r e d solut ion of methyl 2~chlor0-3 ,5-
dini t rohonzoate 28 (2.60 g, 0.01 mole) and t r ie thylamine 
(2.02 g, 0.02 mole) in dry DMP (50 ml) a t room temperature 
and the reac t ion mixture was s t i r r e d for 12 hr a t Bamo 
temperature. The solvent was removed in vacuo and residue 
obtained washed with water and crystal] , ized from chloroform, 
y i e l d 2.2 g (6O/O, m.p.230°. 
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IR(KBr) : 1320, 1500 (NO2), 1720 (C=0). 
A n a l y s i s fo r : C-j_^ H gN.Og 
Calcd : C, 49.99j H, 5 .00 j N, 18 .15 
Pound : C, 49 .95 ; H, 4 . 9 8 ; N, 18.23/« 
2 - ( 4 - M e t h y l - l - p i p e r a z i n y l ) - 3 , 5 - d i n i t r o - N - ( 4 - n i t r o -
plienyl)bensaiaide (80) 
Method A 
A mix tu re of 22. (3»24 g, 0 .01 mole ) , 4 - n i t r o a n i l i n e 
( 1 . 3 8 g, 0 ,01 n o l e ) and t r i e t h y l a m i n e (1 ,01 g, 0 .01 mole) i n 
dry DMJF (100 ml) was r e f l u x e d f o r 18 h r . Solvent was then 
removed comple te ly i n vacuo and t h e r e s idue was t r i t u r a t e d 
w i t h w a t e r . The s o l i d o b t a i n e d was f i l t e r e d , d r i e d and 
c r y s t a l l i z e d from e t h y l a c e t a t e , y i e l d 1.66 g (51?^), m.p . 
205° . 
IR(KBr) : 3400 (NH), 16OO (G=0), I58O (Ar ) . 
1500, 1320 (NOg). 
NMR(CDCl^) : 2.25 ( s , 3 , N-CH^), 2 .30-2 .66 (m, 4 , CH--
^'(OE^)^), 3 . 1 5 - 3 . 5 0 (m, 4 , n-(OE^)^), 
7 .30-8 .85 ( n , 7 , Ar-H and -CONH). 
A n a l y s i s f o r : C g^H g^NgO™ 
Calcd : C, 48.14; H, 4 . 9 3 ; N, 17 .80 
Found i C, 48 .12 ; H, 4 -90 ; N, 17.26°/ 
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IVtethod B 
A mixture of 2-chloro-3,5-cLinitro-N--( 4-ni t rophenyl) 
benzamide §2. (3.66 g, 0.01 mole), N-methyl p iperazine 
(1.00 g, 0.01 mole) and t r ie thylamine (1.01 g, 0.01 mole) 
in dry xylene (50 ml) was refluxed for 4 h r . Xylene was 
removed by steam d i s t i l l a t i o n and the sol id obtained was 
c ry s t a l l i z ed from chloroform, y i e ld 1.62 g (50^) , m.p.205 . 
The product showed IR and NMR spect ra i d e n t i c a l to the 
product obtained by method A, 
2-Chloro-3,5-dinitro-N-(4-nitrophGnyl)benzamide (83) 
2-Chloro-3,5-dinitrobenzoyl chlor ide (82., 2.46 g, 
0.01 mole) was added portionwise to a r e f lux ing so lu t ion of 
4 -n i t roan i l i ne ( I . 3 8 g, 0.01 mole) in benzene (4O ml) . The 
mixture was fu r the r refluxed for four hours . Benzene was 
removed under reduced- pressure and the residual eeni-sol id 
t r i t u r a t e d with wa te r . The r e s u l t i n g so l id was f i l t e r e d , 
dr ied and c r y s t a l l i z e d from ethanol , y i e ld 2.37 g (65/0» 
m.p.l60 , 
IR(KBr) : I68O (0=0), 1520, 1345 (N0„). 2' 
Analysis for ; C,,Hr,GlN.O„ 
Calcd s C, 42.62; H, 1.91 J N, 15.30 
Found : C, 42.66; H, 1,40; N, 15.28/» 
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2-Chloro-3,5-dinitro-N-{2-nitrophonyl)ben2amide (84) 
PCl^ (0,86 ml, 0.01 mole) was added dropwise to a 
mixture of 21 (2.46 g, 0.01 mole) acid 2-ni t ro a n i l i n e 
(1.38 g» 0.01 mole) in dry xylene and the reac t ion mixture 
ref luxed for 4 h r . Excess of PCI- was decomposed by careful 
add i t ion of water to the cooled r e a c t i o n mixture and xylene 
removed by steam d i s t i l l a t i o n . The r e s u l t i n g yellow s o l i d 
obtained was c r y s t a l l i z e d from c thanol , y ie ld 2.10 g (60/°), 
m.p.180 . 
IR(KBr) • 1680 (C=0), 1510, 1330 (NO2) ." 
Analysis for j C,~H^„C1N.0„ 
Calcd : C, 42.62; H, 1.91J N, 15.30 
Pound : C, 42.93J H, 1.865 N, 15.28!?^ 
3,5-Diamino-2-chloro-N-(2-aminophenyl)-2-chloro-
benzamide (86) 
A mixture of Q± (3.6 g, 0,01 mole), Raney-nickel 
(about 0,5 g) in methanol (30 ml) was shaken with hydrogen 
a t 2.5 kg/cm pressure in a Paar hydrogenator for 6 h r . The 
c a t a l y s t was removed by f i l t r a t i o n , the f i l t r a t e dr ied 
(Na^SO.), concentrated in vacuo and the residue c r y s t a l l i z e d 
from benzene, y ie ld 1.89 g (68.2^0, m.p.180-81^. 
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IR(KBr) : 3300 (1TH),1660 (C=0), 1600 (Ar). 
Analysis for : C^ H^„C1N^0 
Calcd ; C, 56.62J H, 4.70; N, 20.28 
Found : C, 56.56; H, 4.72; N, 20.30/° 
2-(3,5-DiarQino-2-chlorophenyl)bGnzimida20le (87) 
A mixture of 80 (2.70 g, 0.01 mole) a^d 4M HCl (40 ml) 
was refluxed for 9 h r . The r eac t i on mixture was then cooled 
and neu t ra l i zed with 30^ aqueous so lu t ion of ammonia. The 
so l id separated was f i l t e r e d , dr ied on water bath and 
c r y s t a l l i z e d from ethanol , y i e l d 1,80 g {10i°)f m.p,195 • 
IR(KBr) s 3200-3100 (NH), 1620 (C=N},l600 (Ar) . 
Analysis for : C,,H^^C1N 
Calcd : C, 60.34; H, 4.25j N, 21.66 
Found s C, 60.45; H, 3.95j N, 2l.65/«. 
2-(2-"Chloro-3,5-diisothiocyanatophenyl)bon2inidazole (g8) 
To a s t i r r e d solut ion of 81 (2.58 g, 0.01 mole) in 
cone. HCl (50 ml) was added dropwisej^thiophosgene (2 .23 gf 
0.02 mole) a t roon temperature and then the reac t ion mixture 
was s t i r r e d for 12 h r . The mixture was neu t ra l i zed with a 
sa tura ted so lu t ion of NaHCO, and the free base obtained was 
3 
extracted with ethyl acetate, dried (NapSO ), concentrated 
and the residue crystallized from chloroform, yield 2.32 g 
(68/0, m.p.l60°. 
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IR(KBr) 
A n a l y s i s for 
Calcd 
Found 
3500-3300 (NH), 2000 (NGS) 
Of 52.63J H, 2 . 0 4 ; N, 1 6 . 4 7 
C, 5 2 . 6 1 ; H, 2 . 1 0 ; N, 16.39% 
l - ( 2 - C h l o r o - 3 , 5 - d i i s o t h x o c y a n a t o b e n 2 o y l ) - 2 - a e r c a p t o 
benz imidazole (8,2.) 
To a mix tu re of §6. (2 .76 g, 0 .01 mole) in THF (2O ml) 
th iophosgene ( 3 . 3 g, O.O3 mole) was added dropwise and tho 
mix tu re s t i r r e d a t room t empera tu r e f o r a d d i t i o n a l 4 h r and 
then r e f l u x e d fo r 1/2 h r . Tho r e a c t i o n mixture was then 
n e u t r a l i z e d w i t h a s a t u r a t e d s o l u t i o n of NaHCO™ and t h e 
3 
p roduc t e x t r a c t e d w i t h e t h y l ^ ^ c t a t o . The o rgan ic l a y e r was 
washed with w a t e r , d r i e d (NapSO.), and t h e r o n i d u n l 
s o l i d t hen c r y s t a l l i z e d from ch loroform, y i e l d 3 .21 g (80/°)» 
m.p.above 220° , 
IR(KBr) : 550O-33OO (NH), 2000 (NCS), I64O (0=0) , 
Ana lys i s for 
Calcd 
Found 
CT^Hr7ClN. O S -
I D 7 4 3 
0 , 47 .76 ; H, 1 .74 ; N, 13 .93 
C, 47 .14 ; H, 1 .72; N, 13.88/° 
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2-[(3~Ni'trophGnyl)anino]-3»5-clinitrobenzoic acid (2,0) 
A n ix turo of 2-ciiloro-3,5-clinitro'benzoic acid 22 
(0.246 g, 0.01 no lo ) , 4~ni t roani l ine ( I . 3 8 g, 0.01 nole) and 
t r i c t h y l a n i n e (1.50 n l , 0.01 nolo) in dry xylene (40 ml) 
was refluxed for 6 h r . Xylene was removed by stean 
d i s t i l l a t i o n and the yellow so l id obtained was c r y s t a l l i z e d 
fron ethanol to give 21» y i e ld 2,5 g (857°), m.p.220°. 
IR(EBr) J 3500 (OH), 3^00 (NH), 1690 (0=0), 
1320, 1500 (NO^). 
Analysis for s C., ,HgN Og 
Calcd 5 C, 49.82; H, 2.29; N, 16.09 
Found : C, 4 : . 79 ; H, 2.30; N, 16.ll/» 
By a s imi la r method £0 was prepared by t r e a t i n g XL 
with 3~n i t roan i l i ne . 
2-.[ (4- j j i t r ophenyl) amino]-3,5-dini tro-N-( 3--nitrophenyl) 
benzamide (93) 
PCI, (0.86 ml, 0.01 nolo) was added dropwise to a 
mixture of 2-[N-(4~nitrophonyl)amino]~3,5~dinitrobenzoic 
acid 2 i (3«48 g, 0.01 mole) and 3 - n i t r o a n i l i n e ( I . 38 g, 
0.01 mole) in dry xylene at 14^ and t h e reac t ion mixture 
was refluxed for 4 h r . Excess of PGl^ was decomposed by 
careful addi t ion of water to the cooled reac t ion mixture 
and xylene removed completely by steam d i s t i l l a t i o n . The 
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resulting solid obtained was crystallized from ethanol, 
yield 2.81 g (55/0, m.p.lSO^. 
IR(KBr) : 3lK-)-3300 (NH), 1680 (C=0), 
1500, 1330 (NO^). 
Mass : M"*" a t m/e = 468 
Ana lys i s fo r j 0-^^n^^^O^ 
Calcd ; C, 4 8 . 7 1 ; H, 2 .56 ; N, 17 .94 
Pound ! G, 48.5OJ H, 2.5OJ N, 17 
By a s i m i l a r method 22. was p repared by t r e a t m e n t of 
23^ wi th 2 - n i t r o a n i l i n e . 
3,5-Dianiino~2-[N-(3--aminophenyl)amino]"benzoic ac id (96) 
• 1 ^ 1 — I I •!! • • • • • i i iWiwi iw i i I III III!" p — » • ! • • muriPi iim 111 .*——•—^Bii iw tmmmmimmimmtiit^mimmmmmki^mmiaimmi^mmm^mmmimmmmttmmm 
Hydrazine h y d r a t e (5.O ml) was added dropwise t o a 
mixture of 2 - [ N - ( 3 - n i t r o p h e n y l ) a m i n o ] - 3 , 5 - d i n i t r o b e n z o i c 
a c i d 20 (3»48 g, 0 .01 mole) and Baney-n icke l (about 0 .5 g) i n 
e t h a n o l (100 ml) a t room t e m p e r a t u r e . The r e a c t i o n mix ture 
w:is c t i r r e d fo r 1/2 hr and the c a t a l y s t removed by 
f i l t r a t i o n . The organic l a y e r c o n c e n t r a t e d to ge t whi te 
c r y s t a l l i n e s o l i d , y i e l d 2.07 g (80.4°/^), m .p .250° . 
IR(KBr) 
Ana lys i s fo r 
Calcd 
Pound 
3350 (OH), 3300 (NH), 1700 (0=0) . 
^ 1 3 ^ 1 4 ^ ° 2 
C, 60 .46 ; H, 5 . 4 2 ; N, 21.70 
C, 60 .48 ; H, 5 .44 ; N, ZL.lli, 
Similarly 21 and 25. were prepared by reducing 2Z and 
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22. respec t ive ly with hydrazine-hydrate and Raney-nickel. 
5-ikcetairiido-l-(3-acetamidophenyl)--2-methylbenzimida20le-
7-carbcxylic acid (22) 
A solu t ion of 2^ (2.58 g, 0.01 nole) in 5O/0 aqueous 
solut ion of g l a c i a l a c e t i c acid (50 ml) was refluxed for 
6 h r . The solvent removed completely in vacuo and the so l id 
obtained was c r y s t a l l i z e d from e thanol , y ie ld I . 4 g (40^) , 
m.p. 240 . 
IR(KBr) : 1710 (0=0), 1680 (CONH), I6OO (Ar) . 
Analysis for : 0 I Q % 8 ^ 4 ^ 4 
Calcd : C, 62.29j H, 4.91J N, 15.30 
.Pound ; C, 62.25} H, 4.89; IT, 15.757" 
5-Anino-l~(3~aninophenyl)-2-nethyl benzimidazole~7-
carboxylic acid (28) 
A so lu t ion of 21 (3.6 g, 0.01 nolo) in cone. HCl 
(30 ml) was refluxed for 5 hr and then neu t ra l i zed with 
aqueous FaHCO, so lu t ion . The separated so l id was f i l t e r e d 
washed with water and d r i ed , y i e ld 0.70 g (25/0» ni»P» 
1 8 0 ^ 
IR(KBr) i 2900 (CH^), 1720 (0=0). 
Analysis for : C!-, cH-, .IT .0 
Calcd : C, 63.83? H, 4.96; N, 19.85 
Found s G, 63.98; H, 4.90; N, 19.85f» 
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5-Isothiocyanato- l - (3- isothiOGyanatophenyl) -2-nethyl-
benzinidazole-T-carboxylic acid (^gj 
Thiophosgene (1.15 g t0 .01 mole) was added dropwise to 
a s t i r r e d solut ion of 38, (2 .8 g, 0.01 nole) in 4N HCl (50 ml) 
a t room temperature and then r eac t ion mixture s t i r r e d fo r 
12 h r . The reac t ion mixture was cooled and neu t ra l i zed 
with NaHCO,, the free base was ext rac ted with ethyl a c e t a t e . 
The organic layer was washed with water , dried (NapSO.) and 
concentrated in vacuo. The res idue c ry s t a l l i z ed from 
chloroform, y i e l d 1.70 g (50/0 , m.p.120-22°. 
IR(KBr) J 3400-3200 (OH), 2900 (CH^), 2000 (NCS), 
1710 (C=CO. 
Analysis for s ^x'?'\^^^"^2 
Calcd : C, 53.33; H, 2.74} N, 15.30 
Found : C, 53.35? H, 2 ,82; N, 15.34/= 
5(6)-Chloro-2-mercapto benzinidazole (102) 
A mixture of 4-chloro-o-phenylenediamine (21.38 g, 
0.15 mole), potassium hydroxide (9 .5 g, 0.17 mole) and 
carbondisulf ide (13.0 g, 0.17 mole) in ethanol (150 ml) vras 
refluxed for 6 h r , Nori t was then added and the ref luxing 
continued for 20 minutes f u r t h e r . The react ion mixture was 
f i l t e r e d and the f i l t e r a t e heated to 70°C, t r ea t ed succossi^-
•i-ol;.' v i t h water and 33^ a c e t i c -acid (40 ml) with good 
s t i r r i n g . The mixture was cooled and t h e separated so l id 
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was f i l t e r e d vrashed w i t h water and d r i e d , y i e l d 23 .5 g 
91 ( 6 2 / 0 , n . p . 2 6 0 ° , ( l i t . a . p . 2 7 0 ° ) . 
IR(KBr) 
Analysis for 
Calcd 
Found 
2560 (SH). 
7 5 2 
C, 45.58J H, 2.65? N, 1 5 . 2 1 
C, 45.60J H, 2 .69 ; N, 15.20/o 
S i m i l a r l y 101 was p repa red by r e a c t i n g o -pheny lene -
diamine (^O.) wi th carbon d i s u l f i d e . 
5(6)~N'itro-2-nercapto benzinidazolc (102.) 
A nixturo of nitric acid (density 1,4» 40 ml) and 
uuliuri'j acid (density 1.84, 60 ml) was added dropwiso to 
a stirred solution of 2-morcapto benzinidazolc (101) (75.0 g, 
0.5 mole) in sulfuric acid (density 1.84, 200 ml) cooled at 
25 . Stirring was continued overnight and then the 
reaction mixture poured in crushed ice. The separated solid 
was filtered, washed several times with water, dried and 
crystallized from DMF-x^ator, yield 65 g (66.7/0, m.p.272° 
92 o (lit, n.p.270"). 
IR(KBr) 
Ana lys i s for 
Colcd 
Found 
3400 (NH), 2510 (SH), 1510, 1330 (ISO^). 
C^H^N^O^S 
C, 4 3 . 0 7 ; H, 2 .60 ; 17, 21.50 
C, 43 .12 ; H, 2 . 6 4 ; N, 21.48/^ 
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5(6)-Cli loro-2-(2-chloro-4~nitrophenylt l i io)ben2imi-
dazole (107) 
k mixture of 102 (18.45 g, 0.1 mole) and potassium 
hydroxide (5.6 g, 0.1 mole) in water (60 ml) was refluxed 
for 3 hr and then a solut ion of 1 , 2 - d i c h l o r o - 4 - n i t r o -
benzene (19.2 g, 0.1 mole) in n-propanol (240 ml) added 
and ref luxing continued for 72 h r . The sol id separated 
on cooling the reac t ion mixture was f i l t e r e d , washed >.dth 
n-propanol (2x50 ml) , driec and c r y s t a l l i z e d 
from a lcohol , y ie ld 17.2 ~^ (50.6?^), m.p.202-203"'. 
IR(KBr) : 3430 (NH), 1505, 1325 (NOg). 
Analysis for : G-j_,H^yGl N_0 S 
Calcd : C, 45.87| H, 2.60j N, 12.35 
Pound : C, 45.91; H, 2.92j N, 12.15/° 
By a s imilar method 104-106 and 108-110 were 
prepared by reac t ion of appropr ia te a ry l h a l i d e s with 
1.01 and 10"^  r e s p e c t i v e l y . 
2-( 4-Amino-2-chlorophenylthio) -5 (6) - ch lo ro -
benzimidazole (116) 
A mixture of 107 (6 g, 0.0176 mole) and Raney-nickel 
(about 1.0 g) in a I s l mixture of a lcohol and t e t r a h y d r o -
furan (100 ml) was shaken for 5 hr under hydrogen a t 
2.5 kg/cm pressure in a Paar hydrogenator. The ca t a ly s t 
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was f i l t e r e d oat and washed with alcohol (2x20 ml) . The 
combined f i l t r a t e was concentrated and the r e s i d u a l 
so l id c r y s t a l l i z e d from ethyl a c e t a t e , y i e ld 4-0 ^ {151°), 
m.p.140-41" . 
IR(KBr) : 3400 (NH2). 
Analysis for : C^ H^Cl2N S 
Calcd : C, 50 .3 I ; H, 2.90; N, 13.55 
Found s C, 50.421 H, 3 .21 ; F , 13.72/° 
Compounds 113-115 and 117--118 were synthesized 
s imi l a r ly , 
5(6)-Chloro-2-(2-chloro-4- isothiocyanatophenyl thio) 
henzimidazole hydrochloride ( lg2) 
A solut ion of thiophosgene (0.57 g, O.OO5 mole) in 
ury acetone (50 ml) was added dropwise to a s t i r r e d 
solut ion of 116, (1,38 g, O.OO4 mole) in dry acetone (50 ml) 
a t 30°C in I5 minutes and the s t i r r i n g continued for 5 hr 
t h e r e a f t e r . The p r e c i p i t a t e d so l id was fi l tered^washcd 
with dry acetone and dr ied t o give 1^2^ y i e ld 1.43 g 
(58fo), m.p.202-204°. 
IR(KBr) J 3350 (NH), 2025 (NCS). 
Analysis for s C^^H^Cl^N^S^.HGl 
Calcd I C, 43.24; H, 2.06; N, 10.88 
Pound .' C, 43.40; H, 2 . 3 2 ; N, 10.7l/» 
Similar method was followed for the s3mthesis of 
U2. - i21 , IZX aiid 121 . 
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2~( 3-Aniino-4-ni t roph.onyl thio) - 5 ( 6 ) - c h l o r o b e n z i m i -
dazole ( l ^ i ) 
This compound was p repa red in 19/° y i e l d from 5 ( 6 ) -
ch loro-2-mercaptoben2imidazole (lOg) and 3 -amino-4-
n i t r o c h l o r o b e n z e n e by the method fol lowed f o r t h e s y n t h e s i s 
•-'>'£ IP I* I t was c r y s t a l l i z e d from a l c o h o l , m.p . 150-51 • 
IR(KBr) : I 3 IO , 1545 H^^O^), 1605 (G=C), 3300, 3410 
Ana lys i s f^r j C-^^ HgClN 0 3 
Calcd : C, 48 .60 ; H, 2 .80j N , . 1 7 . 4 5 
Pound i C, 4 8 . 5 1 ; H, 2 . 7 1 ; N, 17.49/° 
2-( 3» 4 - I> iaminopheny l th io ) -5 (6 ) -ch lo robenz imidazo le 
t r i h y d r o c h l o r i d e (126) 
The f r ee base of jl,g6 was ob ta ined by r e d u c t i o n nf 
125 by the method fol lowed fo r t h e p r e p a r a t i o n of 1 1 6 . 
The f ree base was then p u r i f i e d by c o n v e r t i n g i t i n t o i t s 
t r i h y d r o c h l o r i d e by d i s s o l v i n g t h e compound i n e t h a n o l 
and then t r i t u r a t i n g w i th e t h e r e a l HCl, The s o l i d ob ta ined 
was f i l t e r e d , washed wi th dry o t h e r and d r i e d t o "ive 1^6, 
y i e l d 2 .1 g ( 5 l / ° ) , m .p .175-77^ . 
IR(KBr) s 312O-36OO {mi^f NH). 
Ana lys i s f o r : C ,^H -^^ _C1N S.3HCI 
Calcd % C, 39.00' , H, 2.75J N, 1 4 . 0 1 
Found : C, 3 9 . 1 1 ; H, 2 . 6 8 ; N, 14.12/° 
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Ethyl 5(6)~[5(6)-chloro-2-benzimidazolyl thio]bGnzi-
midazole-2-carbamate (127^ 
A mixture of tho free base of 1£6 (0.5 g, 0.0017 
mole) and 1,3-dicarbGthoxy-S-methylisothiourea (0.3992 g, 
0.0017 mole) in alcohol (10 ml) was refluxed for 12 h r . 
The reac t ion mixture was concentrated in. vacuo and the 
residue t r i t u r a t e d with e the r , y ie ld 0.35 g (52/»)» in.p. 
205-206°. 
IR(KBr) : 1625 (C=G), 1685 (COOEt), 3320 (NH). 
Analysis for : C. „IL .CIN-O^S 
17 14 5 2 
Calcd : C, 57.00; H, 3.89j N, 8.75 
Found : C, 57.09; H, 3 . 9 1 | N, S.ll/o 
2,4-Dini t ro-12H-benzimida2o[2, l -b][ l ,3]ben20thia2in 
12-one (129) 
A mixture of 2-mercaptoben2imida2olo 101 (1.5 g» 
0.01 mole) and potassium hydroxide (0.56 g, 0.01 mole) in 
water (5 ml) was refluxed for 3 hr and then a solut ion of 
2-chloro-3 ,5-d in i t robenzoic acid XL (2.46 g, 0.01 mole) 
in n-propanol (25 ml) added and re f lux ing continued f-^r 
1 h r . The so l id separated on cool ing the r eac t ion mixture, 
was f i l tered^ washed with n~propanol (2x25 ml) , dr ied cjid 
c r y s t a l l i z e d from te t rahydrofuran, y i e l d 0.50 g (19?^), 
m. p . 278-80'"^. 
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IR(KBr) 
Mass 
Analysis for 
Galcd 
Pound 
1700 (C==0), 1530, 1535 (NO5) 
M .+ it m/e = 3 4 2 
14 6 4 5 
C, 49.12i H, 1.75; N, 16.37 
C, 49.23J H, l , 8 0 j N, l6.45/» 
2,3--Dihydro-7-nitrothiazolo [3,2-b]benzimidazole (122.) 
and 2 ,3-dihydro-6-ni t ro th iazolo[3 ,2-a]benzimidazole (133) 
A mixture of 103 (26 g, O.I334 mole) and 20/° aqueous 
KOH (20 ml) in iso-propatiol (120 ml) was added dropwise to a 
s t i r r e d and ref luxing mixture of 1,2-dilDromoethane (50.13 g» 
0.264 mole) and NaHCO^ (18.12 g, 0.2157 mole) during 1 i i r . 
The ref luxing continued for 6 h r s and solvent was completely 
removed under reduced p ressu re . The sol id obtained was 
extracted with e thyl a ce t a t e at ref luxing temperature . The 
combined ethyl a c e t a t e ex t rac t was washed with 155^ ^ aqueous 
KOH (4x30 ml) and water , dried (NapSO.) and concentra ted. 
The residue vras c r y s t a l l i z e d to y ie ld a mixture of 132 and 
1:^1 (Mass at m/e = 221). 
The mixture of 132 and 133 was separated by 
chromatography using s i l i c a gel column. 13^ was obtained 
f i r s t when benzene was used as oluant and secondly 132 
was obtained when acetone was used as e luan t . 
63 
Compound 122. • y i e l d 4.95 g ( 1 6 . 8 / 0 , m.p. 222-225° . 
IR(KBr) : 1505, 1320 (KO^) 
Mass : M^  = 221 , M "^''= 222 
NMR(DMSO-dg) : 3 .90 -4 .16 (m, 2, 2-<in^), 4 . 2 7 - 4 . 5 6 (m, 2, 
3-CH2), 7 .45 ( d , 1 , Ar-5H, J=9H2;), 7.95 
(dd , 1 , Ar-6a, J=2 and 9Hz), 8 .13 (<i, 1 , 
Ar-BS., J=2Hz). 
A n a l y s i s for j CgH^N^O^S 
Calcd ; C, 48 .87 ; H, 3.17} N, 19 .00 
Found : C, 48 .95 ; H, 3 . 4 3 ; N, 19.14/' ' 
Compound 1^2. '. y i e l d 4 .73 g ( I 6 . I / O , m.p.265-66 . 
IR(KBr) : 1495, 1305 (NOg). 
NMR(DMSO-dg) : 3 -91-4 .15 (m, 2, 2 -022) , 4 . 3 2 - 4 . 5 4 (m, 2 , 
3-0^2)» 7.46 ( d , 1 , Ar-8H, J=8Hz) , 7.90 
(dd, 1 , Ar-T^T J=2 and 8Hz), 8.25 (d , 1 , 
Ar-5H, J=2Hz) . 
A n a l y s i s fo r s GqH^N^O^S 
Calcd % C, 48 .87 ; H, 3 . 1 7 ; N, 19 .00 
Found : C, 4 8 . 9 1 ; H, 3 . 0 3 ; N, 18.94/° 
6 - A m i n o - 2 , 3 - d i h y d r o t h i a z o l o [ 3 , 2 - ' b ] b e n z i n i d a z o l e (136) 
A s o l u t i o n of 3 J^ ( 2 . 2 1 g, 0.01 molo) i n a mix ture 
of methanol {60 ml) and t e t r a h y d r o f u r a n ( I50 ml) was added 
dropwise d u r i n g a course of 15 n i n t o a r e f l u x i n g mix ture 
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of 645^  hyd raz in h y d r a t e (10 ml) and Raney-n icke l (about 
2 g) i n methanol (50 m l ) . Ref lux ing was cont inued f o r 
4 h r and Raney -n i cke l removed by f i l t r a t i o n and washed 
wi th methanol (2x30 m l ) . The combined f i l t r a t e was 
c o n c e n t r a t e d under reduced p r e s s u r e and the r e s i d u a l s o l i d 
c r y s t a l l i z e d from me thano l - e the r t o give 1 3 6 . y i e l d 1.5 g 
(78.57°), m . p . 1 8 4 - 8 6 ° . 
IR(KBr) 5 336O, 3275 (NHg). 
A n a l y s i s fo r 5 CQHQW S 
Calcd ; 0 , 56 .54 ; H, 4 . 7 1 ; N, 21.99 
Found : C, 5 6 . 4 8 ; H, 4 . 9 2 ; N, 21.84/« 
In a s i m i l a r manner 7 - a m i n o - 2 , 3 - d i h y d r o t h i a z o l o 
[ 3 , 2 - a ] b e n z i m i d a z o l e (l"^4) was p r e p a r e d from 1 3 2 . y i e l d 
1.7 g ( 7 5 . 9 / 0 , m .p .234-35° . 
IR(KBr) : 3425» 3280 (im^), 
NMR(DMSO-dg) ; 3 .73 -4 .40 (n , 4 , 2-CH2 and 3-C'g2^, 4 . 4 7 -
4.82 (broad hump, 2, NHp exchangeable i n 
D2O), 6 .47 (dd, 1 , Ar-7a , J=2 and 8Hz), 6.68 
(d , 1 , Ar-5a , J=2Hz), 7.03 (d , 1 , Ar-8H, 
J=8Hz) 
Ana lys i s f o r s GgHgN S 
Calcd : C, 56 .54; H, 4 . 7 1 ; N, 21.99 
Found : C, 56.5O; H, 4 . 7 6 ; N, 21.84?^ 
65 
2,5-Dihydro-6- isoth. iocyanatothiazolo[3,2-a]benzi-
nidazole hydrocM.oride (121) 
A solut ion of thiophosgone (0.25 n l , 0.005 mole) in 
dry acetone (50 ml) was added dropwise to a s t i r r e d 
solut ion of 1^6 (0.575 g, 0.003 mole) in dry acetone 
(100 ml) during 0.5 lii*. I'he reac t ion mixture was s t i r r e d 
for 2 hr and l e f t over night at 50 . The separated sol id -r 
f i l t e r e d , washed with acotone (4x20 ml) and dried to give 
IXLf y i e ld 0.71 g (61/0, m.p.247-48°. 
IR(KBr) s 2000(NCS). 
NiyLR(DMSO-dg) : 3.79-4.14 (n, 2, 2-CH2)., 4.16-4.44 (n, 2, 
5-0^2), 6.94-7.64 (m, 5 , Ar-H). 
Analysis f^r : C^QHJT S .HCl 
Calcd : C, 44.54; H, 2.97j N, 15.58 
Found : C, 44.67? H, 2.94j N, 15.67/° 
Using the above method 2 ,3-d ihydro-7- i so th iocyanato-
"t;hiazolo[3,2-a]benzimida7.ole hydrochloride (135) was 
synthesised from 134 in 87/ y i e l d , m.p,244-45 . 
5(6)-Nitro-2-(4-ni t rophenylsulfono)benzimidazole (142) 
ei-Chloroporbenzoic acid (5.795 g, 0.022 mole) v^as 
added in sna i l por t ions to an ice cold and s t i r r e d 
solut ion 5-ni t ro-2-[S-(4-ni t rophonyl)benzimidazole ( liS.) 
(5.476 g, 0.01 mole) in dry tctrahydrofuraxi (50 ml) the 
i - ^ 
mixture was stirred for 1/2 hr at 50 and then 
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Q,-chloropGrbenzoic acid (1,8975 g» 0.01 nolo) added and 
s t i r r i n g continued for 2 h r . The reac t ion mixture was then 
d i l a t e d with water (50 ml) and the pH was adjusted to 8.0 
with K C^O_ so lu t ion . The mixture was concentrated in vacuo. 
the residue extracted with e t h y l ace ta t e (3x50 ml)ythc 
e thyl ace ta te layer was washed with water (4x50 ml) dried 
(NapSO ) , concentrated and the res idue c r y s t a l l i z e d with 
e thy l a c e t a t e , y i e ld 2.6 g (55'/0, n ,p .232-35° . 
IR(KBr) s 1525, 1335 (NO^), 1310, II65 (SO^). 
M^  a t m/e = 348 
^ 1 3 ^ 4 ^ 6 ^ 
C, 44.83; H, 2.29j N, 16.09 
C, 44.90J H, 2.18; N, 16.15/° 
Similarly 138-141 wore prepared by oxidation of 
I M , 105., lOa, 110 and 112. r e s p e c t i v e l y . 
5(6)-Anino-2-(4-aminophenylsulfono)benzimidazole (145) 
A mixture of 139 (1.74 g, O.OO5 mvole) and Raney-
nickol (about l g) in 40 ml alcohol was shaken for 8 hr 
under hydrogen a t 2.5 kg/cm^ p r e s s u r e . The c a t a l y s t was 
f i l t e r e d and washed with a lcohol (2x10 ml) . The f i l t r a t e 
concentrated and the residue c r y s t a l l i z e d from e thy l 
a c e t a t e , y i e ld 0.98 g (70/o), m.p.190-92° 
Mass ''''"
Analysis for 
Calcd 
Found 
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IR(KBr) : 3450, 3350 (NH^)» 1310, 1165 (SO^). 
Analysis for : O^-H^^^.O S 
Galcd : C, 54 . l6 j H, 4 .16; N, 19.44 
Pound : C, 54.20; H, 4 .18; N, 19.46/° 
By a s imi la r nothod 14'^, 144 and 146 wete prepared 
by hydrogenation of 1^8, 122. and l^O. 
5(6) - Iso th iocyanato-2- (4- i so th iocyanatophenyl -
sulfonyl)benzimidazole (1,48) 
A so lu t ion of thiophosgene (1.15 g$ 0.01 mole) in 
acotono (20 ml) was added dropwise to a s t i r r e d solut ion 
o£ M l (2.88 g, 0.01 mole) in acetone (40 ml) . Tho 
reac t ion mixture was fur ther s t i r r e d a t room temperature 
for 12 h r . The sol id separated as hydrochloride was 
f i l t e r e d and d r i e d . The hydrochloride was then neu t ra l i zed 
by d iges t ing in a concentrated aqueous so lu t ion of NapCO-
and ex t r ac t i ng with ethyl a c e t a t e . The combined ex t r ac t s 
dr ied (NapSO ) , concentrated and the residue was 
c r y s t a l l i z e d wi th ethyl a c e t a t e , y i e l d 2.1 g (66fo) f m.p. 
170°. 
IR(KBr) 
Analysis for 
Oalcd 
Pound 
2000 (NCS), 1310, 1165 (SOg). 
^15W4°2^ 
C, 48.38; H, 2.15; N, I5.O5 
C, 48.40; H, 2 .13 ; N, I5.IO/0 
By a similar method 147. 149 and 150 were prepared 
by treating 143.. 144 and 146 with thiophosgene. 
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1.7 BIOLOGICAL ACTIVITY 
A l l t h e compounds were e v a l u a t e d f o r t h e i r 
a n t h e l m i n t i c and a n t i m i c r o b i a l a c t i v i t i e s i n the 
D i v i s i o n s of P a r a s i t o l o g y and Fermenta t ion Technology 
r e s p e c t i v e l y of t h i s I n s t i t u t e . 
1 ,71 A n t h e l m i n t i c T e s t i n g 
1.711 Antihookworm Teg t ing 
The compounds were t e s t e d fo r t h e i r a n t i -
hookworm a c t i v i t y a g a i n s t e x p e r i m e n t a l i n f e c t i o n of 
Nippogt rongylus h r a s i l i e n s i s i n r a t s , Nematosp i ro ides 
dubius i n mice and Ancvlostoma oevlanicum in hamste r s 
by s t a n d a r d methods w i th s l i g h t m o d i f i c a t i o n s " t o 
s u i t l o c a l c o n d i t i o n s . 
Young male r a t s we igh ing 25-40 g ( U n i v e r s i t y 
of F r e i b u r g s t r a i n ) were i n o c u l a t e d subcutaneous ly or 
o r a l l y w i t h 500 i n f e c t i v e l a r v a e of N . b r a s i l i e n s i s . Only 
t h o s e r a t s , showing eggs i n t h e i r s t o o l on t h e 8 t h day , 
v/ere used f o r s c r e e n i n g . An o r a l dose of t h e compound 
was given i n s i n g l e or m u l t i p l e doso on the day 9 pos t 
i n j e c t i o n . The an imals were s t a r v e d overn igh t p r i o r t o 
a d m i n i s t r a t i o n of d r u g s . Th is was done to ensure c l o s e r 
con tac t of the given t h e r a p e u t i c agen t s wi th t h e p a r a s i t e s 
80 
in the absence of the food material. Initially a single 
dose of 250 mg/kg of the compounds was used. Compounds 
insoluble in water were made into fine suspension with 
tween 80. For each compound, 3 infected animals were used 
and a group of 3 animals was kept as untreated control. 
All the experimental and controlled rats were starved 
overnight before they were sacrificed on the day 3 post-
treatment, The total number of worms present in the 
intestine of a rat was counted on autopsy. The therapeutic 
efficacy of the compound was assessed by comparing the 
average number of worms recovered from the treated group to 
that from the control group. If N is the average number 
of worms found in control group of animals and n is the 
average number of worms found in the treated group of 
animals, then the fo deparasitization was calculated by the 
formula N-n x 100. 
A similar method was adapted when the screening 
was carried out against ]R^ matosr>iroides dubius in mice and 
Ancvlostoma cevlanicum in hamsters. 
Resultp 
In the antihookworm t e s t using Nippostrongylus 
b r a s i l i e n s i s in r a t s and I^ematosniroides dubius in mice as 
experimental models, the compounds, in genera l , were found 
to be i nac t ive upto an oral dose of 500 mgAg given for 
81 
t h r o o d a y s . The hos t compounds of t h i s s e r i e s were 80,, 
8-^. 84 . 2JS. and ^ which caused 40-50/» removal of 
H ippos t rongy lus bra s i n e n s i s i n r a t s a t an o r a l dose of 
250 mg/kg given fo r 3 days (Table 9 ) . On the o t h e r hand 
compounds 5£, 62^ Sj. and X£ vrere e f f e c t i v e i n e l i m i n a t i n g 
75-"86'/o of Nematosp i ro ides dub ius i n mice when a d m i n i s t e r e d 
o r a l l y a t a doso of 250 mg/kg f o r 3 days (Table 10 ) . None 
of t h e compounds were found t o be a c t i v e a g a i n s t 
A.cevlar.icum upto an o r a l dose of 500 mg/kg. Thiabendazole 
was used a s the s t anda rd drug i n b o t h t h e above s c r e e n i n g 
which c l e a r e d W . b a s i l i e n s i s . IT«dubius and A.ceylanicum a t 
a dose of 50 mg/kg g iven fo r 3 d a y s . 
Table 9 - A c t i v i t y of compounds a g a i n s t N ippos t rongy lus 
b r a s i l i e n s i s i n r a t s 
Compd. Fame MED^  
No. mg/kg 
80, 2 - ( 4 - M e t h y l - l - p i p e r a z i n y l ) - 3 , 5 - 250 
d i n i t r o - N ~ ( 4 - n i t r o p h e n y l ) b G n z a n i d e 
82, 2 - C h l o r o - 3 , 5 - d i n i t r o - N - ( 4 - - n i t r o - 250 
phenyl) bonzaraide 
8± 2 - G h l o r o - 3 , 5 - d i n i t r O " - N - ( 2 - n i t r o - 250 
phenyl )benzan ide 
20 2 - [ N - ( 3 - N i t r o p h e n y l ) a m i n o ] - 3 , 5 - 250 
d i n i t r o benzo ic a c i d s 
22. 3>5-Bin i t ro - -2 - [N-(4- -n i t rophenyl )ami- 250 
no] -N-(2~ni t rophonyl )bonzamido 
•^Minimum e f f e c t i v e dose t o c l e a r 40~50^of t h e worn load 
82 
Table 10 - A c t i v i t y of compounds a g a i n s t Nematosn i ro ides 
dub ius i n mice 
Compd. Name MED"^ 1° WOIIQ 
N o . mg/kg r e d u c t i o n 
^ 5 (6 ) -Ch lo ro - -N- (5 -c l i lo ro -2 - 250 86 
n i t r o p h e n y l ) - 2 - h y d r o x y 
benzanide 
62. 3 - ( 5 - C h l o r o - 2 - n i t r o p h e n y l ) - 4 - 250 75 
o x o - 2 H - 3 , 4 " d i h y d r o - l , 5 -
b e n z o x a z i n e - 2 - t h i o n e 
6 1 5 ( 6 ) - C h l o r o - 2 - ( 5 - c h l o r o - - 2 - 250 86 
hydroxyphenyl )benz imidazole 
Ik, 3 ,8-Dichlor0-6-0X0 b e n z i m i - 250 86 
dazo [ 3 , 2 - a ] [ 1 ,3 ]benzoxazine 
h y d r o c h l o r i d e 
^Minimum e f f e c t i v e dose 
1.712 G e s t o d i c i d a l T e s t i n g 
The c e s t o d i c i d a l t e s t i n g of a l l t h e compounds 
was c a r r i e d out a g a i n s t expe r imen ta l Hvmenolepis nana 
96 i n r a t s u s i n g t h e technique of Steward w i th s l i g h t 
m o d i f i c a t i o n s . Newly weaned male r a t s of U n i v e r s i t y of 
F r e i b u r g s t r a i n were i n f e c t e d by f e e d i n g them w i t h 200 
v i a b l e ova of H.nana . On day 1 5 , a f t e r i n t u b a t i o n of 
v i a b l e ova, r a t s which were found p o s i t i v e of | I .nana ova in 
t h e i r c t o o l were t r e a t e d a f t e r be ing s t a r v e d o v e r n i g h t . 
I n i t i a l l y a s i n g l e dose of 250 mg/kg of the compound \\^s 
given o r a l l y t o 3 an imals and 3 were kep t a s c o n t r o l . A l l 
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animals i n c l a d i n g the c o n t r o l s were again s t a r v e d 
overnight hoforo b e i n g s a c r i f i c e d on day 3 p o s t - t r e a t n e n t . 
The small i n t e s t i n e of i n d i v i d u a l animal was removed 
s e p a r a t e l y , washed and the worms c o l l e c t e d and s c o r e d . 
Compounds removing 100/° of the worms a long wi th t h e i r 
s c o l i c o s were cons ide red a c t i v e i n t h i s t e s t . 
R e s u l t s 
Dur ing t h e p r e l i m i n a r y e v a l u a t i o n of the 
c e s t o d i c i d a l a c t i v i t y , t h e compounds were given o r a l l y 
a t a -dose of 250 and 100 mg/kg t o r a t s i n f e c t e d w i t h 
I^.r^ana. None of t h e compounds were found e f f e c t i v e i n 
removing t h e tapeworms except compounds 106., 121 and 122. 
which caused 1009^ of worm-load r e d u c t i o n a t a s i n g l e o r a l 
dose of 250 mg/kg. At lower dosages the compounds were 
i n a c t i v e (Tp.blo 1 1 ) . . 
Table 11 - C e s t o d i c i d a l a c t i v i t y of compounds a g a i n s t 
Hvmcnolepis liana, i n r a t s 
Compd. Name MED"^ 
No. mg/kg 
1.06 2 - ( 2 - T r i f l u o r o m e t h y l - 4 - n i t r o - 250 
phony l th io )bcnz imidazo lo 
IZL 2 - ( 2 - G h l o r o - 4 - i s o t h i o c y a n a t o - 250 
phcny l th io )bonz imida20 lo h y d r o c h l o r i d e 
122. 5 ( 6 ) - C h l o r o - 2 - ( 2 - c h l o r o - 4 - i s o t h i o - 250 
cyana topheny l th io )benz imidazo lo 
h y d r o c h l o r i d e 
^Minimum e f f e c t i v e do.s^ e t o c l e a r lOOf^  of t he tapeworms 
a long wi th t h e i r s c o l i c e s 
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The foregoing anthelmintic testing results would 
demonstrate that the presence of an alkyljaryl, or 
heteroaryl functions at 1 or 2-position causes either 
lowering or loss of activity. Similar effect is observed 
when a heterocyclic moiety is fused at 1,2-position of 
benzimidazole. The profile of the biological activity 
in either cases can not be enhanced even if biologically 
accepted pharmacophores are introduced at 5(6)-position 
of benzimidazole ring. This study when taken in 
conjunction with the earlier studies on benzimidazole 
97 
anthelmintics would suggest that a benzimidazole 
displaying a guanidino skeleton (where only two nitrogens 
are involved in benzimidazole ring) at its 2-position 
and -x-aryl (where X=S, SO, SOp, 0 etc.) pharmacophore 
at 5(6)-position may be the optimal structural requirement 
for high neraatodicidal activity, 
1.72 Antimicrobial Activity 
All the compounds were also evaluated for 
their iii vitro growth inhibitory activity against different 
strains of bacteria and fungi and the results are 
summarised in Table 12. The bacteria and fungi wore 
98 
maintained on nutrient and Sabouraud's agar slants 
respectively and testing was done using tho two fold serial 
99 dilution technique by dissolving the compounds in ethanol. 
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The bac te r i a used were St?^.ph.vlococcus aureus (gram p o s i t i v e , 
r e s i s t a n t to 2500 un i t s of p e n i c i l l i n / m l ) , Streptococcus 
f a c c ^ l i s . Salmonella typhi (gram nega t ive ) , Escherichia 
ppllf Agrobacterjum. tumefasciens*- Klebs ie l l a pneumoniae. 
PseudoTnonnfl aerugniora and ££.jt.aiia Vldg??rriS while the fungi 
used were Candida albicans.. Trichophyton mentagronhytes. 
Cryptococcus nooformans. Microsporum canis . Aspergi l lus 
neoformanSf Aspergi l lus fumigatus and Sporotrichum 
S(?henikii. Tetracycl ine and amphotericin B were used as 
standard drugs in a n t i b a c t e r i a l and ant i fungal t e s t i n g s 
r e s p e c t i v e l y . 
Antibacterial Assay 
All the bacteria were maintained on nutrient 
agar slants. Testing was done in nutrient broth. After 
inoculation with a loopfu^ L of culture from the slant, the 
seeded broths wore incubated at 37 + 1°C for 24 hr. The 
two fold serial dilution technique was applied. A set of 
tubes containing only inoculated broth was kept as controls. 
After incubation for 24 hr, the last tube with no growth 
of the microorganism was taken to represent the minimum 
inhibitory concentration (MIC, expressed in lig/ml). A 
compound inhibiting the growth of the microbe in a 
concentration of 25 li-g/ml was considered to be active. 
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Antifungal Assay 
All the fungi were maintained on Sabourand's 
agar slar; ts and the compounds were t e s t ed in Sabourand's 
bro th . Loopfuls of the fungal cu l tu re (C.albicans and 
C.neoformans') from the s l a n t s were inoculated in to the 
broth and the respec t ive inoculated broths were used for 
t e s t i n g a f t e r incubation for 24 hr a t 28 ±. 1°C. In the 
case of other fungi , small p ieces of mycelia were 
introduced in to conical f lasks containing 50 ml of b ro th . 
The f l a sks were then incubated with shaking for 24-48 hr 
and the c lear broths wore taken out of the f l a s k s . The 
compounds were t e s t ed by the s e r i a l d i l u t i o n technique as 
described in a n t i b a c t e r i a l a s say . The compounds, which 
i nh ib i t ed the growth of fungus a t 25 |ag/ml concentra t ion, 
was considered to be a c t i v e . 
Resul ts 
In the a n t i b a c t e r i a l t e s t i n g the most suscept ible 
s t r a i n was found to be S . f a e c a l l s , i t s growth was inh ib i t ed 
^y 5^» 110. l i i . a^d 120. at- an MIC of 12.5 fig/ml. Compound 
120 was a l so able to i n h i b i t the growth of K.pneumoni9,o at 
an MIC of 12«5 |ig/ml. The growth of other bac t e r i a was 
inh ib i t ed by several other compounds at high MIC values and 
the r e s u l t s are given in Table 12. 
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In the ant i fungal t e s t i n g the best compounds of 
the s e r i e s wore 8^ and 2£ which inh ib i t ed the growth of 
a l l the fungi used a t the MICs of 12.5~25 |J.g/nl. However, 
^10 caused the i n h i b i t i o n of growth of T,mentagror)hytes 
a t the MIO of 3.125 ng/ml. The other compounds exhibi ted 
a c t i v i t y a t higher concentrat ions and the MIC values a re 
summarised in Table 13* 
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Table H . - A n t i b a c t e r i a l A c t i v i t y of the Compounds 
Compd, 
F o , 
1 
Minimum i n h i b i t o r y c o n c e n t r a t i o n (MIC) i n |ig/ml 
a, 2 . Jl. £ . £ . 
f a e c a l i s pnQvunpni.^e oo_l?, fsf^m frni OTP^ vxH.^T^fi 
2 - 5 4 5 6 
55. 
8 i 
88 
81 
20 
21 
i O l 
106 
107. 
108 
109 
U O 
111 
3,12 
l l i 
U6 
118 
12 .5 
>100 
>100 
>100 
>ioo 
>100 
100 
25 
25 
25 
>100 
12 .5 
12 .5 
>100 
100 
50 
25 
25 
25 
>100 
>100 
>100 
100 
50 
25 
50 
50 
>100 
>100 
>100 
>100 
100 
50 
>100 
>100 
MOO 
100 
>100 
>100 
>100 
>100 
>100 
>100 
)100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
Moo 
>100 
>100 
>100 
>100 
>100 
>100 
•)ioo 
>100 
^100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
100 
>100 
>100 
>100 
>100 
>100 
100 
>100 
>100 
>100 
>100 
>100 
^100 
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1 
IM 
i.21 
121 
144 
141 
U6 
2 
1 2 . 5 
100 
100 
50 
100 
50 
3 
1 2 . 5 
>100 
100 
>100 
>110 
>100 
4 
>100 
>100 
>100 
>100 
>100 
>130 
5 
>100 
>100 
>100 
>100 
>100 
>100 
6 
>10 3 
>1)0 
>100 
>100 
>100 
>100 
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Table Jul. - Antifungal Activity of compounds 
Gompd. 
No. 
Minimum i n h i b i t o r y c o n c e n t r a t i o n (MIC) i n | ig /n l 
T, 
^ b 4 gang 
C. 
.asiifiJiiMi laentagrQ- fumlgalmg 
ptot^-s 
5.S. 
8 1 
§8 
8i 
20 
21 
104_ 
lo i 
laz 
i08 
l i 22 
110 
1 1 1 
ua 
iU 
116 
>100 
25 
>100 
>100 
>100 
25 
>100 
>1J0 
>100 
100 
>10w 
>100 
>10o 
>100 
>100 
>100 
50 
1 2 . 5 
25 
25 
25 
25 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
> 1 ) 0 
25 
25 
25 
>100 
25 
25 
>100 
>100 
>100 
>100 
>100 
> 1 ) 0 
> 1 .)0 
>100 
>ioo 
>100 
50 
25 
>100 
1 2 . 5 
>100 
1 2 . 5 
50 
1 2 . 5 
1 2 . 5 
>100 
25 
3 . 1 2 5 
1 2 . 5 
25 
100 
50 
100 
25 
>100 
25 
>100 
25 
>100 
25 
50 
> 1 0 0 
> 1 0 0 
7100 
>100 
^ 1 0 0 
>100 
>100 
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1 
118 
120 
1 2 1 
121 
IM. 
Ml 
U 6 
2 
>100 
25 
> 1 J 0 
>100 
"7100 
>100 
>100 
3 
>100 
>100 
>100 
>100 
>100 
>100 
>10v3 
4 
25 
MOO 
1100 
MOO 
>100 
> 1 0 0 
>100 
5 ' 
25 
>100 
50 
50 
50 
>100 
•>130 
6 
>100 
>100 
>100 
>100 
>100 
>100 
100 
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CHAPTER - 2 
CHEMOTHERAPY OF PILARIASIS 
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2.1 CHEMOTHERAPY OF FILARIASIS ~ AN INTRODUCTION 
Filariasis is one of the major public health 
problems in various tropical and sub-tropical regions of 
the world. The disease is caused by various species of 
nematodes called filariae. The common filarial worms 
which infect humans are Wuchereria bancrofti, ]^ rugia malavi. 
Onchocerca volvulus and Iioa loa. The infection is 
transmitted to humans by different species of mosquitos 
and flies which serve as the intermediate hosts and pour 
the infective larvae in the blood stream while sucking the 
blood of man. The infective larvae eventually develop into 
microfilariae and adult worms living in blood (or skin) and 
lymphatics (also connective or subcutaneous tissues) 
respectively. 
Filarial infections have V7ide spread occurranco 
affecting nearly 300 million people in different parts of 
world , Although the disease is not generally fatal, in 
chronic cases the victim becomes 'socially and physically 
unfit* due to enormous enlargement of arms, legs 
(elephantiasis), genitals and breasts c&used by blockage of 
lymphatics by the adult filarial worms of V/. bancrof ti and 
£.malavi. In various parts of the African continent, 
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0,volvulus, and li.lpa especially pose a serious medical 
problem by causing blindness and painful subcutaneous 
'Calabar swelling' respectively. 
Treatment pf F i la r ias io 
Since the introduction of Litomosoides car in i i 
in cotton r a t s (Si am od on hispidus") *-^  and Mastomys 
4 5 natalea^sis ' as experimental models for evaluating 
f i l a r i c ida l activity> a large variety of organic and 
organo-metallic compounds have been synthesized and 
screened, of which many shovr marked a n t i f i l a r i a l ac t iv i ty 
against different stages of worm's l i f e . Unfortunately, 
we do not have a single a n t i f i l a r i a l drug which i s active 
against different stages of the worm s^ l i f e and thus can 
not cause erradication of th i s infection in man, t h i s 
underscores the need for new and more effective a n t i -
f i l a r i a l s drugs. 
The following are some of the classes of compounds 
which have been evaluated in de ta i l for their f i l a r i c ida l 
ac t iv i ty in man and animals:-
Antimonialg? - A number of t r i and pentavalent antimonial 
organic preparations have been shown to possess powerflil 
a n t i f i l a r i a l ac t iv i ty but the i r use in c l inical practice 
i s contraindicated because of the untoward reactions 
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r e s u l t i n g from high toxic i t j ' ' of antimony. Tar ta r emetic 
(1 )^ , stibophen {g}^*'^, noostibosam (l)® and a s t i ban ( 1 , 
s t ibocap ta te ) ' are some of the organic ant imonials which 
are m i c r o f i l a r i c i d a l and a l so k i l l the adul t worms of 
O.vulvulus by blocking t h e i r ombroyogonesis. 
0=G-0 I \ 
1 / 2 2 
H-C-0 
H^K 'D ibO„H„NEt. 3 :5 2 
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NaO_S-.„^ •SO„Na 
SO_Na 3 SO Na 
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. I /sb-s 
COOH HC 
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Arsenicals - Like antimonials, many organic arsenicals 
have also been claimed to destroy both microfilarial and 
adult stages of different filarial parasites. However, 
they are very toxic to the host and do not find much 
clinical use. A soluble arsenic deriyative, Mel W 
11 (Melarsonyl, Trimelarsan, ^) , originally shown to be well 
tolerated and highly active against ^.bancrofti in man, 
was later found to be unsuitable for clinical use as 
several deaths occurred follovxing its administration 
apparently due to encephalopathy, A single intramuscular 
dose of Mel V at 7.5-10 mg/kg body weight (with a maximum 
of 500 mg) shows variable activity with toxicity. The 
risk of encephalopathy could not be reduced even if the 
total dose (200 mg) of the darug was spread over two to 
four administrations. 
Another arsenic compound, thiacetarsenamide 
1 ? (6.) has been shown to exhibit marked activity against 
L.carinii in Mastomvs natalensis and has been recommended ai 
the drug of choice for chemotherapy and chemoprophylaxis 
of filarial infections in dogs • 
GH^OH 
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0 
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Cyanine dves - The predominant ly a e r o b i c metabolism of 
L . c a r i n i i worms and i n h i b i t i o n of t h e i r r e s p i r a t o r y 
13 14 15 
metabolism by cyanine dyes l e d W r i ^ t and Welch t o 
t e s t a l a r g e number of cyanine dyes a s p o t e n t i a l a n t i ~ 
f i l a r i a l a g e n t s . Of t h e s e , 1 » - e t h y l - 3 , 6 - d i m e t h y l - 2 - p h G n y l -
4 -pyr imido~2 ' - cyan ine c h l o r i d e (Cyanine 863 , 1) was found 
t o po s se s s marked a c t i v i t y a g a i n s t L . c a r i n i i i n c o t t o n 
r a t s , C l i n i c a l t r i a l s c a r r i e d out wi th cyan ine 863 showed 
t h a t i t caused r a p i d f a l l of m i c r o f i l a r i a ! count i n blood 
which r e t u r n e d t o p r e t r e a t m e n t l o v e l w i t h i n a week and 
induced t o x i c symptoms i n s e v e r a l p a t i e n t s . 
k i ^ ^ CH, 
CI 
Cyanine 863 
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Suramin - This i s a complex u r ea d e r i v a t i v e (Q) , which 
k i l l s t h e female a d u l t worms of O.vulvulus* The male a d u l t 
worms and the m i c r o f i l a r i a l a r e des t royed r a t h e r s lowly . 
Af te r a t e s t dose of 0 . 1 t o 0 .2 g, i t i s a d m i n i s t e r e d 
i n t r a v e n o u s l y a t a dose of 1 g a week wi th a t o t a l of 6 g; 
l a r g e r doses show h igh t o x i c i t y . Even t h e s t a n d a r d dose 
of suramine g i v e s r i s e t o s e v e r a l a l l e r g i c r e a c t i o n s (such 
a s headache, f e v e r and p r u r i g i n o u s r a sh ) vory l i k e l y due t o 
p r o t e i n s l i b e r a t e d from t i s s u e s of decaying worms. The 
common t o x i c m a n i f e s t a t i o n of drug a r e p ro longed 
a lbuminur i a ; i n some cases r e n a l damage, muscle pa in and 
a r t h r a l g i a may a l s o occu r . 
NaO-S 
BaO 
SO^Na 5 
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Pinerazines - A s e r i e s of p iperazine de r iva t ives were 
synthesized and examined agains t L . c a r i n i i in fec t ion in 
-1 D 
cotton r a t s Isy Hewitt and co-workers in n ine teen f o r t i e s 
at the Lederle l a b o r a t o r i e s of American Gyanamid Company, 
and many of them found to possess marked a n t i f i l a r i a l 
a c t i v i t y . The bes t compound of the s e r i e s was l - d i e t h y l ~ 
carbamoyl--4~methylpiperazinc (Diethylcarbamazine, DEC, 
23"''^, which has been the drug of choice for almost 30 years 
20-22 
for treating or suprossing filariasis in humans 
caused by mosquito transmitted ¥.bancrofti and B.malayi. 
It is also effective against microfilariae of 0.vulvulus. 
At a dose of 6 mg/kg given for 6 days by oral 
or intraperitoneal routes, DEC causes rapid disappearance 
of microfilariae of W.bannrofti. B.malayi and 0.vulvulus 
from the blood in man. However, the microfilarial level 
does not remain supressed for long and comes back to 
pretreatment level soon after cessation of therapy. 
Furthermore, there is little evidence that DEC has action 
on adult human filarial worms. The side effects of DEC 
are dependant on the severity of microfilaremia and inoLade 
chills, fever, arthralgia, myalgia, vomiting, headache, 
body pain, adenitis and lymphangitis. Despite those 
shortcoming, DEC has also been used in mass prophylaxis 
programmes given in food, drinks and cooking salt in 
different parts of the world. 
107 
The exac t mode of f i l a r i c i d a l a c t i o n of DEC i s 
s t i l l obscure ; i t has p r a c t i c a l l y no a c t i v i t y a g a i n s t 
m i c r o f i l a r i a e or a d u l t worms i n v i t r o > A p p a r e n t l y , i t 
s e n s i t i s e s the m i c r o f i l a r i a e i n some way so t h a t they 
•become s u s c e p t i b l e t o phygocy tos i s by t h e f i x e d macrophages 
of r e t i c u l o i n d o t h e l i a l sys t em. The drug p robab ly a l t e r s 
t h e immunological s t a t u s of t h e p a r a s i t e t o e n a b l e the 
f ixed macrophages t o r e c o g n i s e them a s ' f o r e i g n b o d i e s ' 
which a r e subsequen t ly removed by h o s t ' s defence mechanism. 
A l a r g e number of r a t i o n a l l y des igned s t r u c t u r a l 
2'5-32 
ana logs of BBC have been s y n t h e s i z e d -^  and eva lua t ed 
for t h e i r a n t i f i l a r i a l a c t i v i t y a g a i n s t L . c a r i n i i i n co t ton 
r a t s and Magtomy^ n a t a l e n s i s . The most p o t e n t member of 
t h i s s e r i e s was 3 - e t h y l - 8 - m e t h y l - l , 5 » 8 - t r i a z a b i c y c l o [ 4 » 4 » 
0]decan-2-one ( C e n t p e r a z i n e , 10) which was ob ta ined by 
l o c k i n g one of t h e e t h y l groups of d i e t h y l carbamoyl chain 
of DEC i n a u rea l i n k a g e . Centperaz ine shows h igh m i c r o -
f i l a r i c i d a l a c t i v i t y when g iven o r a l l y or i n t r a p e r i t o n e a l l y 
a t a dosG of 1 mg/kg t o r a t s i n f e c t e d w i t h L . c a r i n i i and 
V7as supe r io r t o DEC as r e g a r d s i t s d u r a t i o n of a c t i o n and 
OH 
t h e r a p e u t i c i n d e x , ^ 3 
^^<J2 Y) -GH„ 
CH3 CH3 
a 10 
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Nitrofurans - Among the several nitrofuran derivatives 
exhibiting antifilarial properties, nitrofurantoin 
(li.)^^""^^ and nifurtimox {Ig) show highest activity 
against I,.qarinii infection; li, shows good activity against 
both microfilariae and adult parasites while IZ. is active 
only on the microfilarial stage. There are as yet no 
reports available about their clinical usage. 
o^r "0 CH = N — l l ^ I 
1 1 0 
.^N-
I I 
~0H = N-
1 2 
/-\^° 
' ^ " ^ 0 
Quino l ines - Amodiaquin (12.) , o r i g i n a l l y developed a s an 
35 
a n t i m a l a r i a l d rug by B u r c k h a l t e r , has been shown t o 
p o s s e s s s t r o n g t h e r a p e u t i c e f f e c t s a g a i n s t a d u l t worms 
of L . Q a r i n i i i n Mongolian g e r b i l s a t dose of 100 mg/kg^ . 
37 Based on these o b s e r v a t i o n s E l s l a g e r and co-workers 
have s y n t h e s i z e d a s e r i e s of 4 - [ ( 7 - c h l o r o - 4 - q u i n o l y l ) a m i n o ] -
a-(mono and d ia lky lamino) -g^-c rGsols of which 1± and 1 ^ 
showed good a c t i v i t y i n expe r imen ta l f i l a r i a e i s . 
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Benzimidazoles - The f i r s t benzimidazole which made i t s 
appearance as a f i l a r i c i d e was a bis-benzimidazole 
d e r i v a t i v e , 2-[ (4-hydroxyphenyl) -6-benzinidazolyl]--6-
methylpiperazino-benzimidazole ( l6) developed by Hoechst''^ , 
Bvaluation of ^6. showed t h a t i t had dose dependant prolonged 
•54. 
m i c r o f i l a n c i d a l a c t i v i t y , The depot act ion of t h i s drug 
was a t t r i b u t e d to i t s act ion on female reproductive system 
of mature p a r a s i t e . However, 16^ was not taken up for 
fur ther s tudios because of i t s s t rong binding with host DNA 
and prolonged pe rs i s t ence in the nuc le i of c e l l s of host 
t i s s u e and organs 39 
H>-
110 
Recently mebendazole (H)? a broad spectrum 
gastrointes t inal anthelmintic, has been found to exhibit 
marked act ivi ty against adult parasi tes and a pronounced 
but delayed action on microfilariae of I^.parinii in 
Mastomvs natal en s is 40 
Levamisole (18.) 
II 
mcoocH, 
levamisole (18"), another broad spectium human 
anthelmintic, has been shown to have activity against 
3^ .carinii , W.bancrofti and B.malavi in man and 
animals. However, higher doBcs are required to kill 
44-4.S 
microfilariae and adult worms of O.vulvulus . More 
promising results have been obtained by using levamisole 
in combination with DEO against microfilariae of 
0.vulvulus^ , Despite the broad spectrum of filaricidal 
activity this drug may not find use in chemotherapy of 
human filariasis because of its short duration of activity 
against microfilariae. 
I l l 
^ Q g q ^ a t g (12.) 
4-Isothiocyanat0-4 ' -ni t rodiphenylamine 
(amoscanat6^1,9) i s another an the lmin t i c , developed by 
Ciba Pharmaceuticals , which shows high a c t i v i t y agains t 
L . c a r i n i i in cotton r a t a a t a dose of 100 mg/kg . I t i s 
a l so ac t ive against B.Dhahangi in j i r d s . 
-N-
J^ . P h - ' ^ I T ^ ^ S - ^ 
O^N-..^^^^ NCS 
2 .2 M g i g 0? ^OM 
Since the discovery of diethylcarbamazino (^ ) 
as a powerful human antifilarial drug, a large number of 
its structural analogs have been synthesised with a view to 
improve the biological profile of the drug. Keeping in 
view the interatomic distances between the three component 
nitrogen atoms and molecular geometry of diethylcarbamazine, 
a number of its open-chain (20-21)^* and cyclic congeners 
(22.-22.)^ *^ were synthesized and evaluated for their 
antifilarial activity in this laboratory; however, none of 
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these compounds showed any noteworthy activity except 22. 
which was half as active as % 
2/ d n 
R-
R ^R4 
20 
CONEt, 
3 
• ^ H . 
I 
ZL 
CONBt, 
, N 
R 
Recently the synthesis of a series of bicyclic 
32 
compounds i2Ar2^) having a three nitrogen molecular 
framework have been synthesized of which none possessed 
significant filaricidal activity. Based on these 
observations it might be concluded that a piperazine 
molecule bearing an appropriate pharmacophore at its 1 a;nd 
4 nitrogens plays an important role in determining the 
antifilarial activity in the analogs of diethylcarbamazine. 
CONBt CONBt, 
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CH. 
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CH, 
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CH. 
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On the other hand it has been well established 
that antifilarial activity is associated with a number of 
4-9 
conpounds (IQ.-IS.) having no piperazine residue, thereby-
indicating to the fact that a piperazine fraine~work may 
not be essential for antifilarial activity. 
CH 
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.NH-C-NBt, N 
CH, 
X 
I 
CH 
CH^  
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r^ '^  
GH^ CONEt^ 
2 ^ , X = CH^, 0 , NCONEt^ 2.1t a . X = NCH^, Y = CH^ 
t . X = CH2, Y = NCH^ 
In a farther exploration in th is direct ion, i t 
seemed rat ional to synthesize a ser ies of l,2-dimeth5'-l-4~ 
substituted piperazines ( I ) , l ,3-dimethyl-4-substituted 
piperazines (II) and 1,4-disubstituted piperazines ( I I I ) , 
The synthesis of the compounds of the type I - I I I would 
not only lead to compounds with potential f i l a r i c ida l 
ac t iv i ty but would also add valuable information for 
optimising the biological ac t iv i ty of compounds related to 
diethylcarbamazine. 
In addition.the synthesis of a number of 1,4-di-
substituted tetrahydroquinoxalinos (IV) have been carried 
out with a view to get molecules with greater planari ty 
along the three nitrogen atoms which appears to be one of 
the essential requirements for optimal f i l a r i c ida l 
ac t iv i ty in the analogs of diethylcarbamazine and related 
a n t i f i l a r i a l s . 
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2 . 3 SYNTHESIS OF TRISUBSTITUTED PIPERAZINES 
The key in te rmedia te , 3-meth.ylpiperazin-2-one 
(28.)» required for the synthesis of var ious t r i s u b s t i t u t e d 
p ipe raz ines , was prepared by condensation of e thy lene -
50 diamine (26.) with e thy l p-bromopropionate (22.) 
Benzylation of ( l8) using benzyl chloride y ie lded 1-benzyl-
2-methylpiperazin~3--one (2,2.) vrfiich was reduced with l i thium 
aluminium hydride to afford l~benzyl-2-methylpiperazine 
(40 ) . Meylation of 4^ using formic acid-formaldehyde gave 
1-benzyl-2f4-dimethylpip$razine (4I.) in good y i e l d . 
Reaction of 4I. with e thyl chloroformate r e su l t ed in the 
formation of l -carbethoxy~2,4-dimethylpiperazine (4.2.) 
which was hydrolysed with d i l u t e HGl to give 1,3-dimethyl-
piperazino (42.) • The l a t t e r was obtained more conveniently 
by c a t a l y l i c hydrogenation of 4I. over Pd-C c a t a l y s t . 
Treatment of 42, with cyclohexanecarbonyl ch lor ide gave 
l -cyclohexylcarbonyl-2,4-dimethylpiporazine (44.). The 
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s y n t h e s i s of l - ( N , N - d i a l k y l c a r b a m o y l ) - 2 , 4 - d i m e t h y l p i p e r a z i n e s 
iA5."^) was accomplished by t r e a t m e n t of t he c o r r e s p o n d i n g 
N,N-d ia lky lcarbamoyl c h l o r i d e s v d t h ^ (Scheme 1 ) . 
In a f a r t h e r e x p l o r a t i o n of the s y n t h e t i c u t i l i t y 
of l - b e n z y l - 2 - m e t h y l p i p e r a z i n e (40.), i t was t r e a t e d v i t h 
v a r i o u s acy l c h l o r i d e s t o f u r n i s h the co r re spond ing 
l - b e n 2 y l - 2 ~ m e t h y l - 4 - s u b s t i t u t e d p i p e r a z i n e s (Al-0) and 
(49-50) r e s p e c t i v e l y . Debenzy la t ion of 4 1 , 42. and 5 ^ 
u s i n g Pd-C c a t a l y s t and hydrogen r e s u l t e d i n smooth 
format ion of 1 - s u b s t i t u t e d 5 - m e t h y l p i p e r a z i n e s (5i~5Ji) 
r e s p e c t i v e l y whioh wore t r e a t e d w i th methyl i o d i d e t o 
a f f o r d the co r re spond ing 4 - s u b s t i t u t e d - l , 2 - d i m e t h y l p i p o r a z i n e s 
(54--56). H y d r o l y s i s of 5^ w i t h d i l u t e HCl gave 1 , 2 - d i m e t h y l -
p i p e r a z i n e (5.1) which was t r e a t e d w i th 1 ,3-dimethy 1-4-
carbe thoxy p i p e r a z i n e {^) i n p r e s e n c e of sodium methoxide 
t o y i e l d l - ( 3 , 4 - d i m e t h y l - l - p i p e r a z i n e c a r b o n y l ) - 3 , 4 -
d i m e t h y l p i p e r a z i n e ( ^ ) (Scheme 2 ) . 
2 . 4 SYNTHESIS OF 1.4-DISUBSTITUTED PIPERAZINES 
Reac t ion of 1 -me thy lp ipe raz ine (^2.) w i t h 
c h l o r o a c e t y l c h l o r i d e gave l - c h l o r o a c e t y l ~ 4 ~ m e t h y l p i p e r a z i n e 
(60) which served as a common i n t e r m e d i a t e for s y n t h e s i z i n g 
v a r i o u s 1 , 4 - d i s u b s t i t u t e d p i p e r a z i n e s . Condensat ion of 
6.0. w i th d i f f e r e n t a l i p h a t i c secondary amines gave 
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l - ( aminoace ty l ) -4 -me" thy lp ipe raz i ines (61-63) of which 
l ~ ( 4 - - b e n z y l - l - p i p e r a z i n y l ) a c e t y l - 4 ~ m e t h y l p i p e r a z i n e (62) 
was debenzy la ted u s ing Pd-C and hydrogen t o a f f o r d , 
i - ( l - p i p e r a z i n y l a G e t y l ) - 4 - m e t h y l p i p e r a z i n e ( 6 ^ ) . The s y n t h e s i s 
of l - [ 4 - ( N , N - d i e t h y l c a r b a m o y l ) - l - p i p e r a z i n y l a c e t y l ] - 4 -
m e t h y l p i p e r a z i n e (6^) and l~ (2 -amino taenz imidazo loace ty l )~4-
m e t h y l p i p e r a z i n e (66_) was c a r r i e d out by t r e a t i n g 6^ and 
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60 w i t h d i e thy l ca rbamoy l c h l o r i d e and 2-aminobenzimidazole 
r e s p e c t i v e l y (Scheme 3 ) . 
2 .5 SYNTHESIS OF 1 . 4-DTSCJBSTITUTED QUIITOXALINES 
l » 2 , 3 , 4 ~ T e t r a h y d r o q u i n o x a l i n e (80)"^-^, r e q u i r e d 
a s an i n t e r m e d i a t e , was p r e p a r e d by condensa t ion of 
c a t e c h o l (62a) w i t h e thy lened iamine i n a s ea l ed t u b e . 
A l t e r n a t i v e l y o-phenylenediamine (62) was t r e a t e d w i t h 
g lyoxa l t o y i e l d qu inoxa l ine (12.) which was reduced wi th 
55 hydrogen in p resence of Raney-n icke l t o a f fo rd (80.) , 
However, i n e i t h e r of t h e s e l i t e r a t u r e methods the y i e l d 
of 1 , 2s ,3»4~te t rahydroquinoxal ine (80) was p o o r . This was 
p repa red more conven i en t l y by c y c l i z a t i o n of 61 vrith 
c h l o r o a c e t i c a c i d i n p re sence of z inc powder t o y i e l d 
56 l , 2 , 3 , 4 - t e t r a h y d r o q u i n o x a l i n - 2 - o n e (68)'^ fol lowed by 
r e d u c t i o n wi th l i t h i u m aluminium h y d r i d e . Treatment of 
80 wi th a c e t i c anhydr ide r e s u l t e d i n p r e f e r e n t i a l 
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l - s u b s t i t u t i o n to y ie ld 1-acetyl te t rahydroquinoxal ine (81.) 
which on treatmont with a lkyl and acyl ha l ides gave 1,4--
d i s u b s t i t u t e d te t rahydroquinoxal inos (82.-85,). 
Alkylat ion of 68 with var ious a lky l ha l ides 
gave l-alkylquinoxalin-3 '-onc of which 2 i ^^ l i th ium 
aluminium hydride reduction gave l -methy l -1 ,2 ,3»4~to t ra -
hydroquinoxaline (86) , The l a t t e r could be a l t e r n a t i v e l y 
prepared by hydrolys is of l~ace ty l -4-methyl te t rahydro-
quinoxaline (8£) . Treatment of 86 with IT^N-dialkylcarbamoyl 
chlor ides gave the corresponding l -me thy l -4 - subs t i tu ted 
te t rahydroquinoxal ines (87-SB) (Scheme 4 ) , 
Michael condensation of o-phenylenediamine (67) 
with d ie thy l fumarate (82.) gave 3-(carbethoxymethyl)- l ,2,3» 
4~tetrahydroquinoxalin-2-one (2Q.) which on treatment with 
var ious a l i p h a t i c amines in presence of sodium methoxide 
gave 5-(K"-substituted carboxamidomethyl) totrahydroquinoxalin-
2-one ( 9I--94). Ca ta ly t ic reduct ion of 3-(N-ethylcarbox-
amidomethyl)-1, 2,3 »4-tetrahydroquinoxalin~2-one (20.) using 
l i th ium aluminium hydride r e su l t ed in the formation of a 
complex mixture of products from which 2-(p-ethylamino) 
e thy l - l , 2 ,3 ,4 - t e t r ahydroqu inoxa l ine (2^) could be separated, 
though in r a the r poor y i e l d . The desired compounds 22 ^^ "^  
9,8 could not be made by t h i s rou te (Scheme 5 ) . 
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2.6 EXPERIMENTAL PROGEDURB 
The s t r u c t u r e of a l l the s y n t h e s i z e d compounds 
was checked by IR on Pe rk in -E lmer i n f r a c o r d 137 , 157 and 
177 spec t ropho tome te r s and the v a l u e s a r e piven i n cm « 
The NMR s p e c t r a were r ecorded on Var ian A-60D or P e r k i n -
Blmer R-32 s p e c t r o m e t e r s u s i n g TMS as i n t e r n a l r e f e r e n c e . 
The chemical s h i f t s a r e g iven i n 6 v a l u e s . The p u r i t y of 
a l l t h e compounds was examined by TIC on s i l i c a g e l G and 
b a s i c alumina p l a t e s . The s p o t s were l o c a t e d by i o d i n e 
vapours or KMnO. s p r a y . A l l the p r o d u c t s o b t a i n e d a s o i l s , 
were p u r i f i e d on a b a s i c alumina column. The e l u a n t used 
i n each case i s given i n p a r e n t h e s e s . 
2 -Me thy lp ipe raz in -3 -one (18) 
A s o l u t i o n of e t h y l 2~bromopropionate 12 (18 .00 g, 
0 . 1 mole) i n methanol (100 ml) was added dropwise t o a 
s t i r r e d s o l u t i o n of e thy lened iamine 26_ (24 .00 g, 0 . 4 mole) 
i n methanol (100 ml) and t h e mix tu re was r e f l u x e d fo r 2 h r . 
Solvent was removed from the r e a c t i o n m i x t u r e , the r e s i d u e 
t r e a t e d slowly vrith e t h a n o l (200 ml) and s t i r r e d a t room 
t empera tu r e for 2 h r . The p r e c i p i t a t e d s a l t was removed 
by f i l t r a t i o n and the f i l t r a t e concen t r a t ed in. vacuo to get 
t h e product a s an o i l , y i e l d 4 .5 g (40fO, b.p.135*^/3 mm 
( l i t . 5 ° b . p . 1 3 5 - 3 6 ^ / 3 mm). 
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IR(Ncat) ; 3200-2900 (NH), I64O (CONH). 
NMRCDgO) . I 1.62 (d , 3 , GHCl.^), 3 .35 -3 .90 (m, 5 , GH^CH-
NH-CH2-CH2-NH). 
Analysis for ; G5H^o^2^ 
Calcd t G, 52 .63 ; H, 8 .77j N, 24-56 
Pound : C, 52.67} H, 8 . 8 1 | IT, 24.6l/». 
l -Benzy l -2 -methy lp ipe raz in -3 -orLe (2.2.) 
Benzyl c h l o r i d e (1 .20 g, 0 .01 mole) was added t o a 
s o l u t i o n of 28. (1 .10 g, 0 . 0 1 mole) i n methanol (40 ml) and 
t h e r e a c t i o n mix tu re r e f l u x e d f o r 24 h r . The b e n z y l a t e d 
p roduc t s epa ra t ed out a s h y d r o c h l o r i d e vrhich was f i l t e r e d , 
washed wi th methanol (10 ml) and d r i e d , y i e l d 1.4 g (60'/»), 
m.p.250-55 . The h y d r o c h l o r i d e was t r e a t e d w i t h 30^ » 
aqueous ammonia t o ob t a in a f r ee b a s e , y i e l d 1.22 g (60/^0 » 
m.p.lSO , 
IR(KBr) J 3400 (NH), 1680 (0=0) . 
NMR of HCl s 2 .04 (d , 3 , -GH-CH^), 3 .7 ( s , 2 , N-CH^-Ph), 
(D^O) 
3 .89 -4 .53 (ra, 5 , CH^GH-N-Cli^-CH^-NH), 7.82 
( s , 5, Ar-H) . 
A n a l y s i s f o r 5 G-j^ pH.gNpO 
Calcd ; G, 70.58} H, 7 .84 ; N, 13 .72 
Found s C, 70.60} H, 7 .82} N, 13.77/° 
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l - B e n 2 y l - 2 - m e t h y l p i p e r a z i n e ( ^ ) 
12. ( 2 . 0 g, 0 .01 mole) was added p o r t i o n w i s e to a 
cooled suspens ion of l i t h i u m aluminium hydr ide ( 0 . 5 g , 
0 .012 mole) i n anhydrous THF (200 ml) under n i t r o g e n 
a tmosphere . The r e a c t i o n mix tu re was g r a d u a l l y a l lowed to 
a t t a i n t h e room t empera tu re and r e f l u x e d f o r 72 h r . The 
s o l v e n t was removed p a r t i a l l y and the r e s idue t a k e n i n 
e t h e r . The complex was then decomposed by g r a d u a l a d d i t i o n 
of 10?^ ^ aqueous KOH s o l u t i o n wi th s t i r r i n g and c o o l i n g . 
The s e p a r a t e d i n o r g a n i c m a t e r i a l was f i l t e r e d , the f i l t r a t e 
d r i e d (Na2S0.) and c o n c e n t r a t e d in. vacuo to y i e l d t h e 
p roduc t a s an o i l ( c h l o r o f o r m ) , y i e l d 1.3 g ( 7 0 / 0 . 
IR(Neat) s 3300 (NH), 2900-2800 (CH^, CH ) . 
NMR(GDGl^) : 1.10 (d , 3 , CH~GH ) , 1 .90-2 .95 (m, 7, 
CH^-Gg.~CH2-NH-CH2~CIi2), 3.13 (d , 2, 
CgH^-CH^-N, J = l 3 H z ) , 7.25 ( s , 5 , Ar -H) . 
A n a l y s i s for ; O^g-^ ^gN 
Calcd : C, 7 5 . 7 8 ; H, 9.47} W, 14 .73 
Found : C, 75 .80j H, 9.49} N, 14.70/o. 
1 - B e n z y l - 2 , 4 - d i m e t h y l p i p e r a z i n e (41) 
Formaldehyde (38^0, 0 . 4 g, 0 .02 mole) was added 
dropwise t o a mix tu re of 40 ( 1 . 9 0 g, 0 .01 mole) and formic 
a c i d (2 ,30 g, 5x0.01 mole) hea t ed on a wa te r h a t h . The 
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r e a c t i o n mix tu re was hea t ed on the wate r ba th fo r 10 h r and 
so lven t removed i n v a c u o . The r e s i d u e was n e u t r a l i z e d wi th 
NaHCO^ s o l u t i o n and the produc t e x t r a c t e d wi th chloroform 
(2x25 m l ) . The combined e x t r a c t s d r i e d (lia^SO.) and 
concen t r a t ed t o y i e l d the product as an o i l ( e t h y l a c e t a t e ) , 
y i e l d 1.19 g ( 5 9 / 0 . 
IR(Neat) : 2900-2750 (CHg, CH^). 
NMR(CDCl^) : 1.15 (d , 3 , CH-CH^), 2.25 ( s , 5 , N-CH^), 
2 . 3 J - 3 . 4 0 (complex m, 9, CH^-Cl-CH^-N-
CE^-OE^-B-CU^-'-Bh), 7.25 ( s , 5 , A r - ^ ) . 
Ana lys i s f o r : C^^^^N^ 
Calcd ; C, 76 .47j H, 9 . 8 0 ; N, 15 .72 
Found i C, 76 .47 ; H, 9 .82 ; N, 13.74/°. 
l - C a r b e t h o x y - 2 , 4 - d i m e t h y l p i p e r a z i n e (4^) 
A mix tu re of ^ ( 1 .80 g, 0 ,01 mole) and e t h y l 
ch loroformate (3 .25 g, O.O3 mole) i n dry benzene (40 ml) 
was re f luxed for 48 h r . The i -eact ion mix tu re was cooled 
and washed wi th s a t u r a t e d s o l u t i o n of NaOH. The organ ic 
l a y e r was d r i e d (NapSO.) and c o n c e n t r a t e d t o y i e l d the 
p roduc t a s rm o i l (benzene) , y i e l d 0 .43 g (25/^). 
IR(Neat) 
A n a l y s i s fo r 
Calcd 
Pound 
1720 (C=0). 
C8%6^2°2 
C, 5 5 . 8 1 ; H, 8 ,18 ; N, l 6 , 2 7 
G, 55 .72 ; H, 8 .10 ; N, 16.22/-, 
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1,3-Dimethylpiperazine (43) 
Method A; 
A mixture of ^ (5 .8 g, 0.05 mole) and 10/° Pd-C 
(1,2 g) in g l a c i a l a c e t i c acid (40 ml) was shaken with 
2 hydrogen a t 2.5 kg/cm pressure in a Paar-hydrogenator for 
12 h r . The c a t a l y s t was removed by f i l t r a t i o n and the 
f i l t r a t e concentrated under reduced p re s su re . The r e s idua l 
o i l was taken in benzene and t r e a t e d with sa tu ra ted 
solut ion of NaOH, The organic l aye r was separated, dr ied 
(NapSO ) and solvent removed in. vacuo to y ie ld the product 
as an o i l (chloroform), y ie ld 2.2 g (66,6%), 
IR(Neat) s 3OOO (NH), 2900-2850 (CH2, CH„). 
MR(TFA) : I.40 (d, 3, CH-CH ), 2.9 (s, 3, N-CH^), 
3.3-3.95 (m, 7, N-CH2-CH2-NH-Ca2-CH-CH^). 
Ana lys i s for : OgH^QN 
Calcd : C, 63.15? H, 1 2 . 2 8 ; N, 24.56 
Found : C, 63.IOJ H, 12 .3O; N, 24.55/°. 
Method Bt 
A solution of ^ (1.72 g, 0.01 mole) in dilute HCl 
(30 ml) was refluxod for 48 hr. Solvent was removed 
In vacuof the residue basified with aqueous NaOH and then 
extracted with benzene (2x50 ml). The product exhibited 
physical properties identical to the compound obtained 
by method A. 
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1- (N,N-Dimethy lcarbamoyl ) -2 ,4 -d imethy lp iperaz inG ( ^ ) 
A mix ture of i l ( ! • ! g» 0 . 0 1 mole ) , d imethylcarbamoyl 
c h l o r i d e (1 ,02 g, 0 .01 mole) and t r i e t h y l a m i n e ( 1 . 0 1 g, 
0 .01 mole) i n dry benzene (50 ml) was r e f l u x e d f o r 6 h r . 
The r e a c t i o n mixture was cooled and washed s u c c e s s i v e l y 
w i t h s a t u r a t e d s o l u t i o n s of NaOH and NaCl, The o rgan ic 
l a y e r was d r i e d (NapSO.) and benzene removed i n vacuo t o 
get t h e product a s an o i l ( c h l o r o f o r m ) , y i e l d 1,20 g ( 6 5 / 0 . 
IR(Ncat) : 3000-2700 (CH^), 1620 (0=0) . 
NMR(D20) : 1.76 (d , 3 , CH-C|I^), 2.82 ( s , 3 , CH^-N-CH^), 
3.02 ( s , 6 , 0011(0115)2), 3 . 2 2 - 4 . 1 2 (m, 7 , 
CH-CH,, N-CH^-Ca^-N). 
A n a l y s i s for ; CQH gN,0 
Calcd ; C, 5 8 . 3 7 ; H, 1 0 . 2 7 ; N, 22.70 
Found : 0, 5 8 . 3 8 ; H, 1 0 , 2 0 ; N, 22.79/°. 
By a s i m i l a r method ^ and 16. were p r epa red by 
t r e a t i n g 42. wi th cyc lohexanecarbonyl c h l o r i d e and 1T,N-
d ie thy lca rbomoyl c h l o r i d e r e s p e c t i v e l y . 
l - B e n z y l - 4 - c a r b e t h o x y - 2 - m e t h y l p i p e r a z i n e (42) 
A mixture of ^ ( 1 . 9 g, 0 .01 mole ) , e t h y l ch lo ro fo rmate 
( 1 . 1 g , 0 .01 mole) and t r i e t h y l a m i n e ( l . O l g, 0 . 0 1 molo) 
i n dry benzene (40 ml) was r e f l u x e d for 6 h r . The r e a c t i o n 
m i x t u r e was washed s u c c e s s i v e l y wi th s a t u r a t e d s o l u t i o n s 
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of NaHCO^ and FaCl, dried (NagSO ) and benzene removed 
completely to get the product as oil (chloroform), yield 
1.7 g isr/o). 
IR(Weat) : 2950-2800 (CH^, GH^), 1680 (0=0). 
NMR(CDC1,) i 1.10 (d, 3, CH-CH^), 1.22 (t, 3, CH^-CH^), 
2.4-3.3 (n, 9, CH^-CH^-N-CH^-CH^-N-CH^-Ph, 
N-CH-CH,), 4.12 (q, 2, CH^-GH^), 7.25 
(s, 5, Ar-H). 
Analysis for : C-^ ^H^^ N^O^ 
Galcd : C, 68.70j H, 8.39; N, 10.68 
Pound : C, 68.99j H, 8,47; W, 10.77/°. 
Similarly ^8 - 50. were prepared by t r e a t i n g /^ O with 
cyclohexanecarbonyl ch lo r i de , dimethylcarbamoyl chlor ide 
and diethylcarbamoyl chlor ide r e s p e c t i v e l y . 
l-Carbethoxy-3-methylpiperasine (51 )^ 
* • 
A mixture of il (2.62 g, 0.01 mole) and lOfo pd-C 
(0.1 g) in glacial acetic acid (50 ml) was shaken under 
hydrogen atmosphere at room temperature at 2.5 kg/cm 
pressure in the Paar hydrogenator for 12 hr. The catalyst 
was filtered and glacial acetic acid removed in vacuo. 
The residue was taken in benzene, washed with saturated 
solution of NaHCO^ and NaCl successively. The organic 
layer was dried (NapSO ) and concentrated to obtain the 
product as an oil (benzene), yield 1.20 g (70/0. 
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IR(l\Iea-b) ; 1680 ( C = 0 ) . 
NMH(D.O) I 1 . 2 - 1 . 5 5 (m, 6 , CII-CIL & CH_-CH„), 
, 2 - , . ^ . c ^ . ^ ^ ^.^, ^ , .... ^.^ ^ ^^^^ 
2 . 7 - 3 . 8 (m, 6 , IH-CH^CH^N-Cg^), 4 . 1 0 -
4 . 4 5 (m, 3 , GH^-CH, CH^-CH^) 
A n a l y s i s f o r : OgH^gN 0 
Galcd ; G, 5 5 . 8 1 j H, 9 . 3 0 ; N, 1 6 . 2 7 
Fourfl . ; C, 5 5 . 8 5 ; H, 9 . 3 6 ; N, 1 6 . 2 9 / ° . 
S i m i l a r l y conpoands ^ and 5J1 were p r e p a r e d from 
49_ and 5£L r e s p e c t i v e l y . 
1 , 2 - D i i i i e t h y l - 4 - ( N , N - d i m e t h y l c a r b a m o y l ) p i p e r a z i n e (5.5.) 
A m i x t u r e o f 5 £ ( 1 . 7 g , 0 . 0 1 mole) m e t h y l i o d i d e 
( 4 . 2 6 g, 0 . 0 3 mole ) and t r i e t h y l a m i n e ( l . O l g , 0 , 0 1 mole) 
i n dry a c e t o n e (40 ml) was s t i r r e d a t room t e m p e r a t u r e fo: 
48 h r . S o l v e n t was removed c o m p l e t e l y , t h e r e s i d u e t a k e n 
i n b e n z e n e and washed w i t h s a t u r a t e d s o l u t i o n of N a C l . 
The o r g a n i c l a y e r was d r i e d (NapSO.) and s o l v e n t removed 
i n v a c u o t o o b t a i n t h e p r o d u c t a s an o i l ( c h l o r o f o r m ) , 
y i e l d 1 .25 g (68 / ° ) . 
I R ( N e a t ) ; 3OOO-28OO (GH2, C H , ) , I64O ( C = 0 ) . 
OTIR(TFA) : 1 . 2 2 ( d , 3 , CH-CH ) , 2 .82 ( complex m, 1 6 , 
N -CH^, CON(CHJ^, CH -Cg-CH^, IJ-CH^-CH^-
N-CH^) . 
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Analysis for : CgH N„0 
Calcd : C, 58.37;H, 10,27j N, 22.76 
Pound : C, 58.30?H, 10.35j N, 22.76/o. 
1,2-Diraetliylpiperazine (5.Z) 
A mixture of 5J. (1,8 g, 0.01 mole) and cone. HCl 
(10 ml) was refluxed for 24 hr. Solvent was removed 
under high, vacuum from the reaction mixture. The residue 
was taken in benzene and washed successively with saturated 
solutions of NaHGO, and NaCl. The organic phase was 
separated, dried (Na^SO.) and concentrated to obtain the 
product as an oil (benzene), yield 0,69 g (6lfo)» 
IR(Neat) : 34OO (NH), 3000-2700 (CHg* CH^). 
^^(D^O) : 1.45 (d, 3, CH-CS^), 2.82 (s, 3, N-CS^), 
3.15-3.86 (m, 7, CH^ -CIi, N-CH^-Ca^-N-CH^) 
Analysis for : GgH^.N^ 
Calcd : C, 63,15$ H, 12.28j N, 24.56 
Pound : C, 63,19; H, 12,30; N, 24.61%. 
4~(1, 2~Dimethyl-4-piperazinylcarbonyl)- l , 2-cLimeth.yl-
p iperazine (5^) 
A solu t ion of 5J (1 ,8 g, 0,01 mole) in absolu te 
methanol (20 ml) was added dropwise t o a s t i r r e d so lu t ion 
of ^ (1 .8 g, 0.01 mole) and sodium methoxide (from O.3 g 
sodium) in methanol (40 ml) with s t i r r i n g . The s t i r r i n g 
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was continued for 12 hr and then solvent removed in vacuo. 
The residue was extracted with benzene (3x50 ml) and washed 
with saturated aqueous solution of NaOH and NaCl. The 
organic layer was dried (Na2S0,) and concentrated to get the 
product as an oil (benzene), yield 1,60 g (635^). 
IR(Neat) : I62O (0=0). 
iJMR(CDCl^) s 1.1 (d, 6, {CE-QH^) 2) t 2.15 (s, 6, 
(N-Ctt3)2)» 2.2-2.55 (m, 6, (N-GH-CH^)^, 
(CH^-N-CH^)^), 2.6-2.9 (m, 8, C0N(CH2)2) 
Analysis for : C^^ H^gN 0 
Calcd ; C, 61.4I ; H, 10.23j N, 22.04 
Found : C, 6l .49j H, I0 .25 j N, 22.09/°. 
l-Chloroacetyl-4~raethylpiperazine (60.) 
A solu t ion of chloroacetyl chlor ide (1,12 g, 0,01 mole) 
in dry benzene (40 ml) was added dropwise to a cooled 
mixture of N-methylpiperazine ( l .O g, 0.01 mole) and 
t r ie thylamine (1.01 g, 0,01 mole) in dry benzene (40 ml ) . 
The reac t ion mixture was s t i r r e d at room temperature for 
12 h r , washed with sa tura ted so lu t ions of NaOH and NaCl, 
dried (Na^SO.) and concentrated to give 60 as a s o l i d , 
y i e ld 1.09 g (627»), m.p.l22° (lit.^-*- m.p,l24~26°). 
Analysis for : Cr^ H^^ GlN 0 
Calcd : C, 47.59; H, 7.36; N, I5.86 
Found : C, 47.50; H, 7.30; N, 15 
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l - ( P y r r o l i d i n o a c e t y l ) - 4 - m e t h y l p i p e r a z i n e (63) 
A mixture of 6^ (1 .76 g , 0 .01 mole) , p y r r o l i d i n e 
(0 .85 g, 0 .01 mole) and t r i e t h y l a m i n e (1 .01 g, 0 .01 mole) 
i n dry benzene (40 ml) was r e f l u x e d for 12 h r . The 
r e a c t i o n mix tu re was then d i l u t e d wi th benzene (20 ml) and 
washed with s a t u r a t e d s o l u t i o n of NaCl. The o rgan i c phase 
was d r i e d (NapSO.) and t h e s o l v e n t removed in, vacuo t o get 
t h e product a s an o i l ( b e n z e n e ) , y i e l d 1,05 g ( 5 0 ^ ) . 
IR(Neat) : 1680 (0=0) . 
NMR(CCl^) : 1 . 5 - 2 . 0 (m, 4 , CH^-Ca^), 2 . 1 2 - 2 . 5 (m, 1 1 , 
OE^-BiC^^)^, CH^-IKCH^)^), 3 .01 ( s , 2 , 
CO-Ca^-N), 3 . 1 5 - 3 . 6 8 (m, 4, CON(0^2)2) 
A n a l y s i s for : C.-j^ H N„0 
Calcd : C, 58 .12 ; H, 5 .78j N, 14 .21 
Pound ; 0 , 58 .06 ; H, 5 . 8 1 ; N, 14 .3 l / ° . 
By a s i m i l a r method 6^, and §2. were p repared by 
t r e a t i n g 6^ w i th 3 - m e t h y l p i p e r i d i n e and 1 - b e n z y l p i p e r a z i n e 
r e s p e c t i v e l y . 
l - ( l - P i p o r a z i n y l a c o t y l ) - 4 - m o t h y l p i p e r a z i n e {6_±) 
A mix tu re of 6^ ( 2 . 1 g , 0 .01 mole) and 10/« Pd-C 
( 1 . 2 g) in g l a c i a l a c e t i c a c i d (30 ml) was shaken w i t h 
hydrogen a t 2.5 kg/cm p r e s s u r e i n a Paa r hydrogena to r f o r 
12 h r . The c a t a l y s t vras f i l t e r e d off and a c e t i c a c i d 
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removed under reduced pressure. The residual oil was 
taken up in benzene and treated with saturated solution of 
NaOH. The organic layer was separated, dried (I!Ta2S0 ) and 
solvent removed a^ vacuo to give the product as an oil 
(benzene), yield 1.3 g (50/0. 
IR(Neat) : 1680 (0=0). 
NMR(CDCl^) : 2.12-2.68 (m, 16, CE^'-SiCE^)^, CH2-N(CH2)2» 
(CH^)^NH exchangeable in D^O), 3.12 (s, 2, 
2 2 -^ 
00-0^2-N), 5.25-3.76 (m, 4, C0N(ca.2)2) 
Analysis for : C,^H 2^.0 
Calcd : C, 58.84; H, 9.73; N, 24.82 
Found : C, 58.79; H, 9.81; N, 24.79/°. 
1~[4-(N,N-Diethylcarbamoyl)-l-piperazinyl]-acetyl-4-
methylpiperazine (65) 
A mixture of S± (2.26 g, 0.01 mole), diethylcarbamoyl 
chloride (1.02 g, 0.01 mole) and triethylamino (l.Ol g, 
0.01 mole) in dry benzene (40 ml) was refluxed for 12 hr. 
The reaction mixture was then washed successively with 
saturated solutions of NaOH and NaCl. The organic layer 
was separated, dried (NapSO.) and solvent removed in vacuo 
to obtain the product as an oil (chloroform), yield 
1.68 g (52i^ °). 
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IR(NGat) s 1680 (N-CO-CH2), 1660 (N-CO-N). 
mR(CDCl ) : 1.10 ( t , 6, .l^(CE^-CE^) ^), 2 . 1 2 - 2 . 5 (n , 1 1 , 
CH^-N(CH2)2» CO-CH^-NC012)2 ) , 3 .08 ( s , 2, 
CO-CH2-N), 3 . 1 5 - 3 . 7 2 (m, 12 , [C0N(CH2)2l3)• 
Ana lys i s f o r % C^gH„.N^0 
Calcd ; C, 5 9 . 3 8 ; H, 9.84? N, 21.53 
Found ; C, 59 .42 ; H, 9 .80 ; N, 2 l .58/° . 
l -(N-2-AminobenzimidazoloacGt,yl) - 4 - n e t h y l p i p e r a 2 i n e (66.) 
A mix tu ro of ^0 (1 .76 g, 0 . 0 1 mo le ) , 2 - a n i n o b e n z i n i -
dazole ( I . 8 g, 0 .02 no le ) and t r i e t h y l a n i n e ( l . O l g, 0 .01 
n o l e ) in dry c h l o r o f o r n (100 ml) was r e f l u x e d for 24 h^?. 
The r e a c t i o n mix tu re was cooled and washed v;ith w a t e r . 
The o rgan i c l a y e r was s e p a r a t e d , d r i e d (Na^SO ) , 
concen t r a t ed and the r e s i d u a l s o l i d r e c r y s t a l l i z e d from 
chloroform, y i e l d I . 3 6 g (50/0> u . p o l 7 7 ° . 
IR(KBr) ; 1680 (C=0). 
Ana lys i s fo r ; 0,^H QN 0 
Calcd : C, 61.53? H, 6 . 9 5 ; N, 25.64 
Found ; C, 6 1 . 6 5 ; H, 6 . 8 3 ; N, 25.52/°. 
1 , 2 , 3»4 -Te t r ahyd roqu inoxa l i n -2 -one (6.8) 
A mix tu re of o.-phenylenediaminG 6X ( 5 . 4 g, 0.05 mole) 
c h l o r o a c e t i c a c i d ( 4 . 0 g, O.05 mole) and z ince pov^der 
(3 g) i n water (400 ml) was s t i r r e d a t room t empera tu r e 
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f o r 12 hx . The i n o r g a n i c n a t e r i a l was renoved by 
f i l t r a t i o n and r e s i d u e c o n c e n t r a t e d i n vacuo to ge t a s o l i d 
which was c r y s t a l l i z e d from benzene , y i e l d 3.70 g i50f°), 
n , p . l 3 5 ° ( l i t . ^ ^ n . p . l 3 5 ^ ) . 
IR(KBr) ; 1670 (C=0), 3380 (NH). 
MR(CDCl^) ; 1.99 ( s , 1 , CH^-NH), 3 .9 ( s , 2 , COCH^), 
6 . 5 - 6 . 8 2 (EI, 4 , Ar -H) , 9 .1 (hump, 1 , COHH) 
Ana lys i s f o r j CgHgN 0 
Galcd • G, 62 .24 ; H, 5 . 4 1 ; F , 12 .67 
Found : C, 6 2 . 3 0 ; H, 5 .50 ; N, 12 . 
1 -Carbe thoxy- l , 2 , 3 , 4 - t e t r a h y d r o q u i n o x a l i n - 3 - o n e (25.) 
A mixture of 68 ( I . 4 8 g , 0 .01 m o l e ) , t r i e t h y l a m i n o 
( 1 . 0 1 g, 0 .01 mole) and e t h y l oh lo ro fo rmate ( l . l g , 0 .01 
n o l e ) in dry benzene (40 ml) was r e f l u x e d f o r 8 h r . The 
r e a c t i o n mixture was coo led , washed wi th s a t u r a t e d s o l u t i o n 
of NaCl and w a t e r , d r i e d (NapSO.) and c o n c e n t r a t e d i n vacuo. 
The r e s i d u a l s o l i d was c r y s t a l l i z e d from benzene , y i e l d 
1.4 g (60fo), m . p . l 7 0 ° . 
IR(KBr) % 3000 (NH), 1720 (COOBt), I68O (GONE). 
NMR(CDCl^) : 1.25 ( t , 3 , CH^-CH^), 4 .18 ( q , 2, CH^-CH^), 
4 .34 ( s , 2, CHg-N), 6 . 7 - 7 . 0 5 (m, 4 , Ar-H) , 
9 .32 (hump, 1 , CONH) 
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Ana lys i s f o r : C!-, ^H.. ^ NpO-
Calcd t C, 60.00J H, 5.45? N, 12.72 
Found : C, 60 .07 ; H, 5 .49 ; N, 12.80/° 
By a s i m i l a r method compounds 69-'J± and 22-28' -were 
p r e p a r e d by t r e a t i n g 68 wi th a p p r o p r i a t e e l e c t r o p h i l e s 
(Table 3 ) . 
1 -Methy l - l , 2 ,3» 4 - t e t r a h y d r o q u i n o x a l i n - 3 - o n e ( 2 0 
A mix ture of 68. (1 .5 g, 0 .01 mole) , methyl i o d i d e 
( 4 . 2 g, 0 .03 mole) and anhydrous po tass ium ca rbona te ( 1 . 3 8 
g, 0 .01 mole) i n dry ace tone (40 ml) was s t i r r e d a t room 
t e m p e r a t u r e fo r 4.8 h r . The inorga .n ic m a t e r i a l was f i l t e r e d 
out and so lven t removed in. vacuo from the f i l t r a t e . The 
r e s i d u e was d i s s o l v e d in benzene and then washed with 
w a t e r , d r i e d (Na„S0 ) and c o n c e n t r a t e d . The r e s u l t i n g 
s o l i d was c r y s t a l l i z e d from benzene , y i e l d 0 .81 g (50/0 » 
m«p,150 . 
IR(KBr) s 3000 (NH), 2800 (CH2, CH^), 1680 (C=0) . 
NMR(CDGl^) : 2 .8 ( s , 3 , N-CH„), 3 .7 ( s , 2 , F-CH^), 
6 . 5 - 7 . 0 (m, 4 , Ar-H) , 9 .21 (hump, 1 , NH). 
Analysis for ; CnH, ^ N»0 
y XU Z 
Calcd : C, 61 .24 ; H, 5 . 7 3 ; N, 12 .84 
Found ; C, 61 .32 ; H, 5 .69 ; N, 12.88/«. 
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Quinoxaline (22.) 
A mixture of 61 (135 g, 1.25 mole) and water (2000 ml) 
was heated to 70 with s t i r r i n g and then a so lu t ion of 
glyoxal sodium b i s u l f i t e (344 g, 1.29 mole) in water 
(1500 ml) a t 80° was added to i t . The mixture was allowed 
to stand for 15 min., cooled t o room temperature and 
t r e a t e d with sodium carbonate. The separated quinoxal ine, 
as o i l , was extracted with other (3x300 ml ) . The combined 
ex t r ac t s dr ied (NapSO ) and concentrated to y i e ld the 
product as an o i l , y ie ld I38 g (85/0), b . p . l l O /12 mm 
( l i t , ^ ^ b , p . l 0 8 ~ l l l ° / 1 2 mm). 
1, 2,3»4-Tetrahydroquinoxaline (80,) 
Method As 
6^ (1.4 g, 0.01 mole) was reduced using lithium 
aluminium hydride (l.O g, 0.025 mole) in dry THP (5O ml) as 
described for the preparation of 40^ . The product was 
obtained as solid, yield 1.25 g (8O/O, m.p.l08° (lit.^^ 
m.p.108^). 
Method B; 
In this method 80 was prepared in 40?^  yield according 
to the procedure described by Morley , 
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crystallized out which was recrystallized from benzene, 
yield 1.1 g (65/^, m.p.llO°. 
IR(KBr) 
Analys i s for 
Calcd 
Found 
1660 (COPh), 1640 (COCH^). 
^17^16^2^2 
C, 61.82} H, 5 .79; N, 11 .83 
C, 61.88} H, 5.69} N, 11.82/° . 
By a s i m i l a r method compounds 82.-8^ were p repa red 
by t r e a t i n g 81. w i t h a p p r o p r i a t e h a l i d e s . 
* 
l - A c e t y l - 4 - m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o q u i n o x a l i n e (85) 
A suspens ion of 81. (1 .76 g, 0 .01 mole ) , methyl 
i o d i d e ( 4 . 2 g, O.O3 mole) and anhydrous KgCO ( 2 . 4 g) i n 
dry acetone (40 ml) was s t i r r e d a t room t e m p e r a t u r e for 
72 h r . The s o l v e n t was removed comple te ly and the r e s i d u e 
d i g e s t e d wi th benzene (4x10 m l ) . The o rgan ic l a y e r was 
washed wi th a l i t t l e w a t e r , d r i e d (Na^SO.) and s o l v e n t 
removed i n vacuo t o get the produc t a s an o i l ( e t h y l a c e t a t e ) , 
y i e l d 1.2 g (6O/O. 
IR(Noat) : 2800 (CH^, CH ) , I64O (0=0) . 
MR(CDCl^) : 2.15 ( s , 3 , C0C|I„), 3 .87 ( s , 3 , N~CH^), 
2.76 ( t , 2 , CH2-N-CH^, J=6Hz), 3 .78 (d, 2, 
CH -N-COCH , J=6Hz), 6 . 5 -6 .96 (m, 4 , Ar-H). 
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Ana lys i s for ; ^11%4^^2^ 
Galcd % G, 58.255 H, 6*10-, N, 12.35 
Pound t 0, 58 .28 ; H, 6.71J N, 12.42/». 
1-Methy 1 - 1 , 2 , 3 , 4- -oe t rahydroquinoxal ine (86) 
Method A; 
To a suspens ion of §5 ( 1 . 9 g, 0 . 0 1 mole) i n 
r e f l u x i n g e t h a n o l (20 m l ) , a s o l u t i o n of KOH (1 .56 g, O.O3 
mole) i n water (5 ml) was added and t h e mix tu re hea t ed on 
wate r ba th for 30 min. The r e a c t i o n mix ture was cooled 
and f i l t e r e d . The f i l t r a t e was c o n c e n t r a t e d iri vacuo and 
the r e s i d u e t aken in benzene and washed with sodium 
b i c a r b o n a t e s o l u t i o n and w a t e r . The o rgan ic l a y e r was 
d r i e d (Na^SO ) and c o n c e n t r a t e d t o get 86. a s an o i l , y i e l d 
1.6 g (8350. 
IR(Neat) s 3OOO (NH), 2900-2800 (CHg, CH^). 
ITMR(GDCl^) ; 2.82 (s, 3, N-CH^), 3.11-3.45 (m, 4, 
NCH^-CH^-N), 6.46-7.0 (m, 4, Ar-H). 
Analys i s f o r ; OJl^ll 
Galcd ; C, 58,555 H, 7 .10 j N, 12 .34 
Found : G, 58.57i H, 7 . 1 9 ; N, I2 .35f° . 
Method B; 
26, (1.92 g, 0.01 mole) was reduced using lithium 
aluminium hydride in dry THP (50 ml) as described for the 
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p r e p a r a t i o n of ilO. The produc t was ob t a ined a s an o i l 
( ch lo ro fo rm) , y i e l d 1»4 g (83^°). IR and NMR superimposable 
•with the s p e c t r a of the compound ob t a ined by method A. 
4 -N ,N-Die thy lca rbamoy l - l - i ne thy l - l , 2 ,3 » 4 - t e t r a h y d r o -
quin oxa l in e (87) 
A mix tu re of 86, ( 1 .48 g, 0 .01 m o l e ) , d i e t h y l carbamoyl 
c h l o r i d e ( 1 . 4 g , 0 .01 mole) and t r i e t h y l a m i n e ( 1 . 0 p, 
0 .01 mole) i n dry benzene (30 ml) was r e f l u x e d fo r 8 h r . 
The r e a c t i o n mix tu re was coo led , washed w i t h w a t e r , d r i e d 
(Na^SO ) and so lven t removed comple te ly to get 82. as 
v i s c o u s o i l ( b e n z e n e ) , y i e l d I . 3 6 g {60fo), 
IR(Neat) : 2900-2800 (CHg, CH^), 1630 (C=0). 
I\rMR(CDCl^ ) :' 1.10 ( t , 6 , (CH^-CH^)^), 2 .32 ( s , 3 , N-CH^), 
2 .41 -3 .91 (m, 8, N-CH^-CH^-N, 00^(0112)2). 
Ana lys i s for ; C^  .H.^N^O 
14 21 3 
Calcd : C, 61 .62 ; H, 5 .68 j N, 12 .44 
Found s C, 61 .68 ; H, 5 .66 ; N, 1 2 . 4 9 / ' . 
By t h e s i m i l a r method 88 was p repa red by t r e a t i n g of 
86_ wi th d imethyl carbamoyl c h l o r i d e , 
3-(Carbethoxymethyl) -1 ,2 ,3»4~to t rahydroqu inoxa l in -2" -ono (20) 
A mix tu re of o,-phonylenGdiamine 6 2 ( 1 . 0 8 g , 0 .01 nolo) 
and d i e t h y l f u n a r a t e (17 g, 0»01 mole) i n dry p y r i d i n e 
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(40 n l ) was r o f l u x e d for 24 h.r. The r e a c t i o n mix tu re was 
cooled and p y r i d i n e removed comple te ly under h igh vacuum. 
The r e s i d u e was washed w i th ho t w a t e r (5x100 ml) t o remove 
t r a c e s of u n r e a c t e d g^-^henylene diamine and then 
c r y s t a l l i z e d from d i lo roform, y i e l d 1,4 g (60/0> m.p , l22 . 
IR(KBr) : 3400-320(i ( N H ) , 1720 (COO), 1660 (CONH), 
NMR(CDC1,) t 1.28 ( t , 3 , C H ^ - C I L ) , 2 . 7 - 3 . 1 (EI, 2 , CH^-CO), 
3 .98-4 .55 (m, 3 , CH^-CH^, CECH^), 4 .78 
(hump, 1 , CMH), 6 .8 ( s , 4 , Ar-H) , 8.75 
(hump, 1 , GONH). 
Ana lys i s for ; C^pH N 0^ 
Galcd : C, 6 l . 5 3 j H, 5 .98j N, 11 .96 
Found J C, 61 .56 ; H, 5 .99; N, 11.90/° . 
3 - ( J I -E thy lca rboxamidomethy l ) -1 ,2 ,3 , 4 - t e t r a h y d r o -
quinoxal in-2~ono (91) 
Bthylaminc ( 1 . 8 g, O.O4 mole) was added t o a c h i l l e d 
and s t i r r e d mix tu re of 2.0. (4*7 g, 0 .02 mole) and sodium 
metho;:ido (from O.5 g of sodium) in methanol (40 ml) and 
t h e r e a c t i o n mix tu re s t i r r e d for 24 h r . The so lven t v/as 
removed jjo^  vacuo and the r e s i d u e d i g e s t e d in w a t e r and 
e x t r a c t e d wi th benzene (2x100 m l ) . The combined e x t r a c t s 
d r i e d (NapSO.) and concen t r a t ed t o ob ta in a s o l i d which 
was c r y s t a l l i z e d from chloroform, y i e l d I . 6 3 g (70/0» 
m . p . l 6 0 , 
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IR(KBr) 
DMSO-cL 
NMR(GDG1,)+ 
A n a l y s i s f o r 
Calcd 
Pound 
: 5550-3300 (NH), 1660 (CONH), 1600 ( A r ) . 
; 1.02 ( t , 3 , GHgCH^, J = 8 H z ) , - 2 . 4 2 - 3 . 3 2 
(n , 5 , N-CH , GOGH , CH-NH oxchangeablo 
i n D^O), 3 . 9 4 - 4 . 3 2 (n , 1 , NH-CH), 5 .12 -5 .27 
(iiunp, 1 , CH^-NH exchangeable i n D^Q), 
6 .54 -6 .7 (n , 4 , Ar-H), 7 .48 ( s , 1 , CONH 
exchangeable i n D-O), 
•• «12^15S^^2 -
: C, 61 .80 ; H, 6 , 4 3 j N, 18 .02 
: C, 61.78J H, 6 . 4 8 ; N, Id.llfo. 
By a s i m i l a r noth-'^d, t r o a t n e n t of 2S. wi"fch 
p y r r o l i d i n e 3 - n o t h y l p i p e r a d i n e and N - n e t h y l p i p e r a z i n e 
y i e l d e d '^-SJl TQS^eotxvely (Table 4 ) . 
2-( 2 -E thy laa ino ) e t h y l - 1 , 2 , 3 , 4 - t o t r a h y d r o q u i n o x a l i n e (25.) 
91 ( 2 . 3 g, 0 .01 n o l e ) v;as reduced u s i n g l i t h i u m 
aluminium hydr ide ( 2 . 0 g, 0.05 mole) i n dry THF (100 inl) 
a s d e s c r i b e d f o r the p r e p a r a t i o n of 4i2« ^^e p roduc t was 
ob ta ined a s s o l i d , y i e l d 0.25 g (12/0 which was p u r i f i e d 
over a s i l i c a ge l column u s i n g benzene a s e l u a n t , y i e l d 
0 .05 g (about 3 / 0 , m . p . l 4 0 ° . 
iR(KBr) : 3450-2900 (NH), I6OO ( A r ) . 
A n a l y s i s fo r : G^  H^^  _N_ 
-L^ -Ly 3 
Ualcd •. C, 70 .24 ; H, 9 .26j N, 20.48 
Pound ; G, 7 0 . 2 1 ; H, 9.23? N, 20.40/°. 
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2.7 BIOLOGICAL ACTIVITY 
The compounds were evaluated for their in vivo_ 
antifilarial activity in the Division of Parasitology of 
the Central Drug Research Institute, Lucknow (India). 
Antifilarial Activity 
Method of testing; 
The antifilarial activity was carried out in 
cotton rats, experimentally infected with Litomosoldos 
.c,q,rinii. The filarial infection was transmitted to the 
cotton rats through the vector Liponvssus bacoti by the 
57 58 
method of Hawking and Sewell ' with modifications to 
suit local conditions. At the end of prepatent period, the 
infected animals showing 250 or more microfilarial per 5 cmm 
of blood were taken for screening purpose. Blood samples 
of experimental and control animals were used per 
experimental group. The compounds were given intraperitone 
ally for 6 days to animals at doses equivalent to l/5th 
the maximum tolerated dose obtained after a preliminary 
acute toxicity study in mice. Blood smears of animals 
were examined for microfilariae at weekly interval upto 
6 weeks since the onset of treatment on 42nd day, 60th 
the treated and control rats were sacrificed to examine 
154 
the presence of adult f i l a r i a l worms. The ac tua l 
micro and macro f i l a r i a l a c t i v i t y of the compounds was 
59 
assessed by the method of Lammlor et_ a l . . 
Resul ts 
All the compounds were evaluated for their 
antifilarial activity against Xiitomosoides carinii 
infection in cotton rats upto an oral dose of 30 mg/kg 
given for 6 days but none of them caused the reduction 
of blood microfilarial count. 
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Helminthiasis is a general term used to designate 
a group of infections caused by nematode, cestode and 
trematode parasites. These diseases pose a serious 
public health problem in most of the under-developed and 
developing countries and even in some advanced countries 
of the world. Although helminth infections are not 
generally fatal, they have great affect on the health 
and general well-being of the patient and undermine the 
socio-economic development in endemic areas. Most of the 
drugs available today to treat helminth infections in 
humans have high toxicity and a limited spectrum of 
activity and are thus far from being ideal and, therefore, 
there is a need to develop anthelmintics possessing a 
broader spectrum of activity and a higher margin of 
safety, 
The work embodied in the present thesis is directed 
tovrards developing better agents for hookworm and filarial 
infections. 
Synthesis of Antihookworm Agents 
The hookworm infections are one of the common 
intestinal diseases prevalent chiefly in the rural 
population of tropical and sub-tropical regions of the 
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world, Tho disease is associatod x^^^ith mild to severe 
anaemia which leads to several complications especially 
in patients with malnutrition. Tho infection in man is 
caused by Anvclostoma duodenalo. Ancvlopitoma cevlanicum 
and Negator amoricanus. 
A number of chemotherapeutic agents have become 
available to treat hookworm infection, but majority of 
them lack broad spectrum of activity and do not cause 
complete elimination of the worms . The discovery of 
thiabendazole (l) opened a new chapter in searching 
helminth chemotherapy. Today, a series of benzimidazolc 
anthelmintics are known showing marked activity against 
various gastrointestinal helminths . Among these 
mebendazole (£.) and fenbendazolo (2.) provide high cure 
rates in a variety of helminth infections . 
^^ ^ ^ 
N 
H 
K 
s-
a, R = COPh 
1, H = SPh 
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Although a groat deal of work has been done in the 
synthesis of alkyl 5(6)-substituted benzimidazole--2-
3 
carbamates , there i s very l i t t l e information available 
on the effect of 2-alkyl or aryl substi tut ion in 
benzimidazoles , This prompted the synthesis of 2 ,5 -
disubstituted benzimidazoles of the type £-2. ^o^ 
evaluating their' anthelmintic a c t i v i t y . 
The general synthetic strategy to 2-substituted 
benzimidazoles (4.~6.) involved the condensation of 
o-phonylenediamine (1^,) with an a l iphat ic acid or acid-
catalysed cyclisation of N-arylbenzamides (14) to yield 
2-alkyl or arylbenzimidazoles (12.) as the s ta r t ing 
materials for ^-6., (Scheme l ) . 
The heterocyclisations of 2-substituted benzimidazoles 
(15-17) has been carried out using thiophosgene, 
hydrochloric acid and 1,2-dibromoethane as cyclising agents 
to yield the benzimidazole-heterocycles 18-2;0 respectively 
which represent the general s t ructure 2 (Scheme 2) . 
The synthesis of 2-arylthio and 2-arylsulfonobenzimi-
dazoles (^1-2?) was achieved s t a r t i n g with 12. Condensation 
of 12 with an appropriately substi tuted chlorobcnzene gave 
2,1 which was oxidised smoothly to the corresponding sulfone 
ZZ* The l a t t e r along with Zk v^erc used to prepare compounds 
described by general structures 8 and 2.. 
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-^ 
R^-" 
H 
R = H, CI, N N-i CH 3 
R^= C~N , CO-CH=CH-Ar 
R = H, CI, N 
R-'-^  H, CI 
R^= NO^, NH^, NCS, NHCOOR 
R = H, NOg, NH^, NCS 
R"''= H, COOH 
R^ =Aryl, H 
R^ =Alkyl, Aryl 
Het 
Het = Benzoxazoles 
= Benzothiazines 
-. Thiazoles 
a 
^so: 
Ar 
Ar = Aryls and Heteroaryls 
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R R-^  
UH. 
IQ., R = NO, 
i i , R = NH, 
R-'--COOH 
1 1 
R-. 
•N 
H 
R-" ->4-6 
12, R = a l k y l / a r y l 
l a 
^^s^COCl 
--^ a R^R' 
\y 
-H^O 
R \ -NO 
H 
13 
) 
SchQmo 1 
'2 
"0 
H 
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R-
OH CSClg .<^::^^V^\^ 
m^ 
,K\ •'N 
H^ N ^ -V 
R' 18 
15. 
R-" 
H 
A 
OH 
.^^^ 
0 
-> 
N' 
16 
^ ^ ^ - N ^ 
li 
-Br 
R 
VBr 
-^ I 
11 
H 
01 
i' 
R-^R^ 
a^2 
H 
20 
2 Isomers (1:1) 
R 
R ^ ^ ^ , N^ . / ^ ^ ^ [0] 
" - , < ; ^ ^ 
J^^  -> 
-N 
H 
-IK ^ -^SO^^/^ 
H 
1 2 R-^R 
21 22 
Schemo 2 
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All the compounds have been evaluated for their 
anthelaintic activity against Nippostrongylus brasiliensis 
in rats, Uematospiroides dubius in mice, Ancvlostoma 
cevlanicum in hamsters and Hymenolepis nana in mice. Some 
of the compounds have also boon tested for their iJi, vitro 
growth inhibitory activity against a variety of strains 
of bacteria and fungi. A few compounds have shown marked 
anthelmintic and antimicrobial activity. 
Synthesis of Antifilarial Agents 
Pilariasis is an important tropical disease affecting 
nearly 5OO million people around the world , It is 
caused by Wuchereria bancrofti^ Brugia malavi. Onchocerca 
volvulus and Log, loa., axid is responsible for several 
disabling effects (enlargement of various organs and 
blindness) in human. Very few drugs are available for 
treatment of this infection^ Diethyl car bamazine (£2.) , 
discovered more than three decades ago, is perhaps the 
only drug which is used clinically to treat various forms 
of filariasis. A large number of structural analogs of £2. 
have been synthesized with oxi aim to got a better 
filaricide but none proved superior to the parent drug' .9,10 
In a further exploration in th is direction i t was 
considered of in te res t to synthesize a series of 1,2-
dimethyl-4-substitutod piperazines (£1) and 1,5-dimothyl-
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4-sabstitutGd pipcrazinos (2S.) -^^ ^ 1,4-disubstitated 
pipcrazinos (£6.) which would provide valuable information 
on the s t ructure-act ivi ty relat ionship of these analogs 
of diothylcarbaiaazine (22.) • 
R R 
-N 
H, 
CH, 
Z± 
m 
R 
-N-
I 
I 
'C2H5 
C2H5 
r N N^ .CH, 
25 
- ^ O: 
R 
1 
R-^  26 21 
In addition the synthesis of a number of 1,4~ 
disubstituted totrahydroquinoxalinos (22.) has also boen 
carried out with a view to study the affect of increase in 
the planar area in these molecules. 
All the compounds have been tested for their 
filaricidal activity against Litomosoidos carinii in 
cotton rats and the results are reported. 
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